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Description 

BACKGROUND OF THE INVENTION 

The present Invention relates to the fields of genetic engineering, biochemistry, and plant biology. 
N-phosphonomethylglycine has the following stmcture: 



O H O OB 

/ II I 
HO-C-CHs-N-CHa 



O OB 



This molecule Is an acid, which can dissociate In aqueous solution to form phytotoxicant anions. 
Several anionic forms are known. As used herein, the name "glyphosate" refers to the acid and its anions. 
A mixture containing glyphosate as the active Ingredient, formulated as Its Isopropylamine salt, is sold as a 
herbicide by Monsanto Company under the trademark ROUNDUP*. Numerous other salts also haw 
herbicidal properties, as exemplified by U.S. Patent No. 3,799,758 (Franz 1974) and various other patents. 
Compositions comprising N-phosphonomethylglyclne and salt-forming cations which increase the solubility, 
of the N-phosphonomethylglycine in water are preferred. 

Those skilled in the art recognize that the scientific literature contains numerous papers suggesting 
several modes of action for inhibition of plant growth by glyphosate. One proposed mode suggests that 
glyphosate Inhibits an enzyme called 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS); see, e.g., 
Amrhein 1980. Stelnrucken 1980. Mousdale 1984. and RuWn 1982 (note: a complete list of references Is 
contained below, after the Examples). The EPSPS enzyme reportedly catalyzes the conversion pf 
shikimate-3-phosphate into S-enolpyruvyhshlkimate-S-phosphate. an Intermediate In the biochemical path- 
way for creating three essential aromatic amino acids (tyrosine, phenylalanine, and tryptophan): see. e,g.. 
Mousdale 1984. Rogers 1983 reports that overproduction of EPSPS In E coll contributes to glyphosate 
resistance in those cells. ^ , « 

At least one researcher has attempted to create glyphosate-resistant bacterial cells by manipulatng a 
bacterial gene which encodes an EPSPS enzyme. As described in U.S. Patent 4.535.060 (Comal; assigned 
to Calgene, Inc.; filing date January 5, 1983) and in Comal 1983, a culture of Salmonella bacteria was 
contacted with a mutagen (ethyl methanesulfonate). The bacteria were screened for glyphosate resistance, 
and a relatively resistant culture was selected. This culture was analyzed, and detentnlned to have a mutant, 
forni of EPSPS with a substituted amino acid, as reported in Stalker 1985. U. S. Patent 4,535.060 suggested 
that the mutant EPSPS gene could be Inserted Into plant cells to create glyphosate-resistant (Gly ) plant 
cells. In addition, It has been reported that glyphosate tolerant plant cells can be selected which 
overproduce EPSPS in the presence of low levels of glyphosate (Nafzlger et al. 1984 and Smart et al. 
1985). However, none off the experiments have demonstrated that such a method would be efficacious In 
differentiated plants. 

After the filing date of U. S. Patent 4.535,060. methods and vectors were described which could be 
used to insert foreign genes into plant cells (see, e.g.. Fraley 1983. Herrera-Estrella 1983, Bevan 1983. and 
PCT applications WO 84/02919 and 02920). In PCT application WO 84/02913. methods were also described 
for creaUng chimeric genes having bacterial EPSPS coding sequences controlled by regulatory sequences 
derived from genes which are active in plant cells. Using these vectors and methodology, bacterial genes 
such as the mutant Salmonella EPSPS gene mentioned above can be manipulated and expressed In plant 
cells. 

The object of this invention is to provide a method of genetically transforming plant cells which causes 
the cells and plants regenerated therefrom to become resistant to glyphosate and the herbicidal salts 
thereof. 

SUMMARY OF THE INVENTION 

This invention involves a cloning or expression vector comprising a gene which encodes 5- 
enolpymvylshikimate-3-phosphate synthase (EPSPS) polypeptide which, when expressed in a plant cell 
contains a chloroplasl transit peptide which allows the polypeptide, or an enzymatically active porton 
thereof, to be transported from the cytoplasm of the plant cell into a chloroplast in the plant cell, and 
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confers a substantial degree of glyphosate resistance upon the plant cell and plants regenerated therefrom. 

The EPSPS coding sequence may be llgated to a strong promoter, such as the 35S promoter from 
cauliflower mosaic virus, to create a chimeric gene. Such genes can be Inserted Into plant transformation 
vectors, and subsequently introduced into plant cells. Plant cells transformed using such genes and plante 
regenerated therefrom have been shown to exhibit a substantial degree of glyphosate resistance. 

The present invention relates to a chimeric gene containing an EPSPS coding sequence, a cloning or 
expression vector containing an EPSPS coding gene, a plant transformation vector having inserted therein 
an EPSPS coding gene, plant cells transformed using such vector and plants regenerated therefrom which 
exhibit a substantial degree of glyphosate resistance, and methods for producing such plant cells and such 
plants. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 depicts the major steps used In one preferred embodlrient of this Invention. 

FIGURE 2 depicts the creation of plasmid pMON546, a plant transformation vector which contains a 
chimeric CaMV/EPSPS gene. It also depicts the structure of pGV3111-SE. a disarmed Ti plasmid writh vir 
. genes which help insert the CaMV/EPSPS gene from pMON546 into plant chromosomes. 

FIGURE 3 indicates the DNA sequence and the amino acid sequence of the chloroplast. transit peptide 
from the petunia EPSPS gene and enzyme. , ^ nu* -i 

FIGURE 4 shows the nucleotide, amino acid sequence arid restriction map fbr the fulHength cDNA of 
petunia EPSPS. 

FIGURE 5 shows the plasmid map for pM0N3ie. 

FIGURE 6 shows the restriction maps for the EPSPS gene of Petunia and Arabldopsls. 
FIGURE 7 shows the plasmid map fbr pMON9721. 

DETAILED DESCRIPTION OF THE INVEmiON 

The present Invention embraces a cloning or expression vector which contains a gene which encodes a 
form of EPSPS which can effectively confer glyphosate resistance (Gly") on plant colls and plants 
regenerated therefrom. The EPSPS gene encodes a polypeptide which contains a chloroplast tiansft 
peptide (CTP), which enables the EPSPS polypeptide <or an active portion thereof) to be transported into a 
chloroplast inside the plant cell. Suitable plants for the practice of the present invention include, but are not 
limited to. soybean, cotton, alfalfa, canola, flax, tomato, sugar beet, sunflower, potato, tobacco, com. wheal, 
rice and lettuce. 

Those skilled in the art recognize that the scientific literature contains numerous papers stabng tlial 
EPSPS activity (shikimic acid pathway) is present both in the chloroplast and in the cytoplasm. Indeed, prior 
to the present Invention It was unknown whether the cloned EPSPS would be needed in the cytoplasm or 
chloroplasts in order to confer glyphosate resistance. Contrary, to the teaching of U.S. Patent 4,535.060 It 
has now been found that the EPSPS gene should contain a chloroplast transit peptide. While chloroplasts 
contain DNA which Is believed to be expressed in polypeptides within the chloroplasts. the EPSPS 
polypeptide Is encoded by chromosomal DNA rather than chloroplast DNA. The EPSPS gene is transcribed . 
into mRNA in the nucleus and the mRNA is translated Into a precusor polypeptide (CTP/mature EPSPS) In 
the cytoplasm. The precusor polypeptide (or a portion thereof) is transported Into the chloroplast 

In one embodiment the invention relates to a chimeric plant gene which comprises : 

(a) a promoter sequence which causes transcription of the EPSPS gene in plant cells; 

(b) a coding sequence which encodes a chloroplast transit peptide/5-enolpyruvylshiklmate-3-phosphatB 
synthase fusion polypeptide, which chloroplast transit peptide permits the fusion polypeptide or an 
enzymatically active portion thereof, when expressed in a plant cell, to be imported Into a chloroplast of 
the plant cell: and ' , „ ^ 

» (c) a 3' non-translated region which encodes a polyadenylalion signal which functions In plant cells to 
cause the addition of polyadenylate nucleotides to the 3' end of the EPSPS m RNA; the promoter being 
heterologous with respect to the coding sequence and capable to cause sufficient expression of the 
fusion polypeptide to confer upon the plant cell and plants regenerated therefrom a substantial degree of 
glyphosate resistance. _ . 

i Promoters which are known or found to cause transcription of the EPSPS gene In plant cells can be 
used In the present invention. Such promoters may be obtained from plants or viruses and include, but are 
not necessarily limited to, the 35S and 19S promoters of cauliflower mosaic virus and promoters isolated 
from plant genes such as EPSPS. ssRUBISCO genes and promoters obtained from T-DNA genes of 
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Agrobacterium tumefaciens such as nopaline and mannopine synthases. The particular promoter selected 
should t>e capable of causing sufficient expression to result In the production of an effective amount of 
EPSPS polypeptide to render the plant cells and plants regenerated therefrom substantially resistant to , 
glyphosate. Those skilled in the art will recognize that the amount of EPSPS polypeptide needed to indue© 
6 resistance may vary with the type of plant. The degree of expression needed may vary with the EPSPS 
coding sequence used. A mutant EPSPS may require lower expression than a less-tolerant wild4ype • 
EPSPS sequence. 

The CaMV 358 promoter is stronger than the natural EPSPS promoter in at least some types of plants, 
i.e. It causes the formation of larger quantities of mRNA from chimeric genes compared to the natural 

10 EPSPS promoter. The high strength of the chimeric CalVIV 35S/EPSPS gene Is of great value in using the 
EPSPS gene as a selectable marker in the laboratory. However, when a chimeric gene Is used to transform 
regenerated plants for food production, the level of production of EPSPS enzyme may be undesirably high, 
since it diverts nucleotides, amino adds, and substrates away from other dwlred biochemical pathways in 
the cells. Therefore, to create a chimeric gene with the optimal level of expression of EPSPS It may bo 

fs desirable to diminish the strength of the chimeric CaMV 35S/EPSPS gene. This can be done by various 
methods such as (1) random or site-specific mutagenesis of the region prior to the transcription start site; 
(2) insertion of a transcription terminator in the 5' non-translated region of the gene; (3) Insertion of a 
spurious start codon in front of the EPSPS start codon; or. (4) Insertion of a coding sequence wHh a start 
codon and a stop codon in front of the EPSPS start codon, to create a dlcistronlc coding sequence. 

20 The promoters used in the EPSPS genes of this invention may be further modified If desired to alter,, 
their expression characteristics. For example, the CaMV 35S promoter may be llgated to the portion of tlie 
ssRUBlSCO gene which represses the expression of ssRUBISCO in the absence of light to create a 
promoter which is active in leaves but not in roots. The resulting chimeric promoter may be used as 
described herein. As used herein, the phrase "CaMV 35S" promoter includes variations of CaMV 35S 

25 promoter, e^,. promoters derived by means of ligation with operator regions, random or controlled 
mutagenesis, etc. . 

The RNA produced by the EPSPS gene also contains a 5' non-translated leader sequence. This 
sequence may be derived from any gene and may be specifically modified so as to increase translation of 
the mRNA. The 5* non-translated regions may be derived from viral RNAs, other suitable eukaryotic genes 

30 or a synthetic gene sequence. It may be part of the 5' end of the non^translated region of the coding 
sequence for the EPSPS polypeptide or derived from an unrelated promoter or coding sequence as 
discussed above. 

The EPSPS gene of the present invention encodes an CTP/EPSPS fusion polypeptide. After the 
CTP/EPSPS polypeptide from a gene of this invention is translated from mRNA in the cytoplasm of the 
3S transformed plant cell. It is believed to be processed in the same manner as the natural EPSPS. 
polypeptide. The CTP leader sequence causes the polypeptide to be Imported into chloroplasts, and the 
CTP leader sequence encoded by the plant-derived EPSPS gene Is believed to be removed from the 
remainder of the polypeptide so that an active portion of the EPSPS polypeptide exists and functions Inside 
the chloroplast 

40 Suitable CTP's for use in the present invention may be obtained from various sources. Most preferably, 
the CTP is obtained from the endogenous EPSPS gene of the subject plant to the transformed. Alternately, 
one may often use a CTP from an EPSPS gene of another plant Although there is little homology between 
the CTP sequences of the EPSPS gene and the ssRUBISCO gene (see, e.g.. Broglle (1983), one may find 
that non-homologous CTPs may function in particular embodiments. Suitable CTP sequences for use In the . 

« present Invention can be easily determined by assaying the chloroplast upt^ of an EPSPS polypeptide 
comprising the CTP of Interest as described in Example 18 hereinafter. 

The sequence encoding a EPSPS polypeptide can be obtained from numerous sources. Suitable 
sources include bacteria, fungi and plants. EPSPS coding sequences from other sources can be obtained 
using the full-length petunia cDNA (see Rgure 4) or a suitable fragment thereof as a hybridization probe as 

50 described in Examples 1 and 14-17. 

All peptide structures represented in the following description are shown in conventional format wherein 
the amino group at the N-terminus appears to the left and the carboxyl group at the C-terminus at the right 
Likewise, amino acid nomenclature for the naturally occun-ing amino acids found in protein Is as follows: 
alanine (Ala;A). asparagine (Asn:N). aspartic acid (AspjD), arginlne (Arg;R), cysteine (Cys;C). glutamic add 

65 (Glu;E), glutamlne (Gln;Q). glydne (G!y;G), histldine (Hls:H). isoleudne (lle;l), leucine (Uu;L). lysine (Lys;K). 
methionine (Met:M). phenylalanine (Phe;F), proline (ProjP). serine (Ser;S), threonine (Thr.T), tryptophan 
(Trp;W), tyrosine (Tyr;Y). and valine (ValiV). 

Those skilled In the art win recognize that mutant and variant forms of EPSPS may be made by a 
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variety of processes. For example, cloning or expression vectors may be mutagenized to after one or more 

■ amino acid residues In a EPSPS protein. This may be done on a random basis (efl., by sublecUng the host 
cells to mutagenic agents such as X-rays, ultra-violet light, or various chemicals), or by means Involving an 
exact predicted substitution of bases in a DNA sequence. Alternately, one may select for a microbial source 
such as bacteria and fungi or a plant source having a mutant EPSPS exhibiting increased resistance to 

. glyphosate. 

The 3* non-translated region contains a polyadenylation signal which functions In plants to cause the 
addition of polyadenylate nucleotides to the 3* end of the EPSPS mRNA. m cases where the EPSPS 
. sequence is derived from a plant source one can use the 3' non-translated region naturally associated with 
» the particular EPSPS gene. Examples of other suitable 3' regions are the 3* transcribed, non-translaled 
regions containing the polyadenylation signal of the nopaline synthase (NOS) gene of the Agrobacterlum 
. tumor-Inducing (Tl) plasmid or the conglycinin (7S) storage protein gene. . _ 

The EPSPS gene of the present invention is inserted Into the genome of a plant by any suitable 
method. Suitable plant transformation vectors include those derived ifrom a Tl plasmid of Agrobacterlum 
i. tumefaclens as well as those described Ir^. e.g. Herrera-Estrella 1983. Bevan 1983. Klee 1985 and EPO 
publication 120,516 (Schllperoort et al.). In addition to plant transformaUon vectors derived from the Ti or 
. root-inducing (Ri) plasmids of Agrobacterium . aiternative methods can be used to insert the EPSPS genes 
of this invention into plant cells. Such methods may involve, for example, liposomes, electroporatlon, 
chemicals which increase free DNA uptake, and the use of viruses or pollen as vectors. If desired, more 
9 than one EPSPS gene may be inserted into the chromosomes of a plant, by nriethods such as repeating the 
transformation and selection cycle more than once. *^ ij. 

EPSPS genes which encode an enzyme with a functional chloroplast transit peptide (which is preferably 
. removed from the mature EPSPS polypeptide) also provide useful selectable marker genes for plant cell 
transformation, when transformed and untransformed cells are contacted with appropriate concentrations of 
5 glyphosate (which can be routinely determined for any type of plant). The conferrable trait ol glyphosate 
resistance may be . particularly useful with certain types of plants (such as aHalfa, soybean, and other 
legumes) which do not exhlbH clear selectablllty using other selectable marker genes (such as kanamydn, 
methotrexate, or hygromydn resistance genes). 

In addition, glyphosate-reslstant plant cells that have been transformed with EPSPS genes can be 
D regenerated into differentiated plants using standard nutrient media supplemented with selected shoot- 
Inducing or root-Inducing hormones, using methods described in PCT WO84A)2920 or other methods known 
to those skilled In the art. 

As used herein, a EPSPS gene "confers a substantial degree of glyphosate resistance upon a plant 
cell" if it allows a selectable fraction of a culture of transformed plant cells to survhre a concentration of 
IS glyphosate which kills essentially all untransformed cells from the same type of plant under the same 

conditions. i ui* -i 

As used herein, a "cloning or expression vector" refers to a DNA or RNA molecule that Is capable <a 

■ replicating in one or more types of microbial cells. Vectors Include plasmids. cosmlds, viral DNA or RNA. 
minlchromosomes, ete, ■ . 

n As used herein, "replicated from" Includes Indirect replication (e. g.. replication of intermediate vectors), 
as well as replication directly from plant DNA or mRNA. It also includes DNA that is synthesized (e. g.. by 
the method of Adams 1983) using a sequence of bases that is published or determined experimentally. 

The following examples further demonstrate several preferred embodiments of this invention. Those 
skilled in the art will recognize numerous equivalents to the specific embodimente described herein. Such 

i5 equivalents are Intended to be within the scope of the claims. 

EXAMPLES 



60 



EXAMPLE 1: CREATION OF EPSPS VECTORS 
A. Creation of MP4-G Cell Una 

The starting cell line, designated as the MP4 line, was derived from a Mitchell diploid petunia (see. e.g.. 
Ausubel 1980). The MP4 cells were suspended in Murashige and Skoog (MS) culture media. (GIBCO. 
Grand Island. N. Y.) All transfer involved the transfer of 10 ml of suspension culture Into 50 ml off fresh 
media. Cultivation periods until the next transfer ranged from 10 to 14 days, and were based on visual 
Indications that the culture was approaching saturation. 

Approximately 10 ml ol saturated suspension culture (containing about 5x10^ cells were transferred into 
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50 ml of MS media containing 0.5 mM glyphosato (Monsanto Agric. Products Co.. St Louis. Missouri). The 
sodium sail of glyphosate was used throughout the experiments described herein. The large majority of * • 
cells were unable to reproduce in the presence of the. glyphosate. The cells which survived (estimated to be 
less than 1% of the starting population) were cultured In 0.5 mM glyphosate and transfenred to fresh media 

6 containing glyphosate every 10 to 14 days. 

After two transfers, the surviving ceils were transfenred Into fresh media containing 1.0 mM glyphosate; 
After two transfers at 1.0 mM, the surviving cells were transfenred sequentially into 2.5 mM glyphosate, 5X) 
mM glyphosate, and 10 mM glyphosate. 

The MP4-G cells were subsequently shown (by a Southern blot) to have about 15-20 copies of the 

10 EPSPS gene, due to a genetic process called "gene amplification" (see, e.g., Schimke 1982). Although 
spontaneous mutations might have occurred during the replication of any cell, there is no indication ttiat any. • 
mutation or other modification of the EPSPS gene occurred during the gene amplification process. The. only 
known difference between the MP4 and the MP4-G cells is that the MP4-© cells contain multiple copies of 
an EPSPS gene and possibly other genes located near It on the chromosomes of the cells: 

B. Purification and Sequencing of EPSPS Enzyme 

Petunia ceils from the MP4-G cell line were harvested by vacuum filtration, frozen under liquid N2. and 
ground to a powder In a Waring blender. The powder was suspended Into 0,2 M tris-HCI. pH 7.8, containing 
so 1 mM EDTA and 7.5% w/v polyvinyl-polypyrrolldone. The suspension was.centrifuged at about 20.000 Q tor ,. 
10 min to remove cell debris. Nucleic acids were precipitated from the supernatant by addition of .0.1. 
volume of 1.4% protamine sulfate and discarded. 

The crude protein suspension was purified by five sequential steps (see Mousdale 1984 and Stelnruo- 
ken 1985) which Involved: (1) ammonium sulfate precipitation; (2) diethylaminoethyi cellulose ion. exchange 
25 chromatography; (3) hydroxyapatlte chromatography; (4) sizing on a phenylagarose gel; and (5) sizing on a 
Sephacryi S-200 gel. 

The purified EPSPS polypeptide was degraded into a series of individual amino acids by Edman 
degradation by a Model 470A Protein Sequencer (Applied Biosystems Inc.. Foster City, CA), using the 
methods described In Hunkaplller 1983a. Each amino acid derivative was analyzed by reverse phase high 
30 performance liquid chromatography, as described by Hunkaplller 1983b, using a cyanopropyl column with 
over 22,000 theoretical plates (IBM Instruments, Walllngford CT). A partial amino add sequence for petunia 
EPSPS is shown in TAUe 1. 
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TABLE 1 
PETUNIA EPSPS SEQUEKCES. 



8 9 10 11 12 13 

Amino acid: Gla Pro He Lyi Glu He 

mRNA straad: 5'-CAP CCH AUU GAP CAP AUU 

C C 

A A_ 

CoDplemeatary 

DNA strand: 3'-GTQ GGN TAA TTQ CTQ TAA 

. . ^ • G G 

U . U 

Synthetic. DNA Probes : 



EPSPl! 


3' 


-GTQ 


GGP 


TAP 


TTQ 


CTQ 


TA 


EPSP2 : 


3 


-GTQ 


GGQ 


TAP 


TTQ 


CTQ 


TA 


EPSP3: 


3' 


-GTQ 


GGN 


TAT 


TTQ 


CTQ 


TA 



Exact mRNA Sequence; 

S'-CAA CCC AUU AAA GAG AUU 



as C. Synthesis of Probes 

Using the genetic code, the amino acid sequence indicated In Table 1 was used to determine the 
possible DNA codons which are capable of coding for each Indicated amino acid. Using this information, 
three different probe mixtures were created and designated as EPSP-1. EPSP-2, and EPSP-3, as shown In 

40 Table 1. In this table, A, T, U. C. and G represent the nucleotide bases: adenine, thymine, uracil, cytosine 
and guanine. The letters P. Q, and N are variables; N represents any of the bases; P represents purines (A 
or G); Q represents pyrimidines (U. T, or C). 

All oligonucleotides were synthesized by the method of Adams 1983. Whenever an indeterminate 
nucleotide position (P. Q. or N) was reached, a mixture of appropriate nucleotides was added to the reaction 

46 mixture. Probes were labeled 20 pmol at a time shortly before use with 100 uCi ^-ppj-ATP (Amersham) 
and 10 units of polynucleotide kinase in 50 mM Tris-HCI. pH 7.5, 10 mM MgCi2. 5 mM DTT, 0.1 mM EDTA, 
and 0.1 mM spermidine. After incubation for 1 hr at 37'C, the probes were repurified on either a 20% 
acryiamide, 8 M urea gel or by passage over a 5 ml column of Sephadex G25 In 0.1 M NaCI, 10 mM Trle- 
HCI, pH 75, 1 mM EDTA. 

80 

D. Preparation of mRNA and Preliminary 
Testing of Probes 
65 (a) Poly-A mRNA 

Total RNA was isolated from the MP4 (glyphosate sensitive) and MP4-G (glyphosate resistant) cell lines 
as described by Goldberg 1981. Total RNA was further sedimented through a CsCI cushion as described 
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by Deplckor 1982. Pdy-A mRNA was selected by oligo-dT cellulose chromatography. The yield of poly-A 
RNA was 1 .1 nriicrograms (ug) per gram of MP4 cells and ZS ug/g^ of MP4-G cells. 

(b) Gel Processing of RNA 

6 

Ten HQ of poly-A RMA from the MP4 or MP4-Q cell lines was precipitated with ethanol and 
resuspended in 1 x MOPS buffer (20 mM morpholino propane sulfonic add, pH 7.0. 5 mM sodium acetate 
and 1 mM EDTA, pH 8.0) contaming 50% formamide and 2.2 M formaldehyde. RNA was denatured by 
heating at 65'C for 10 min. One-fifth volume of a loading buffer containing 50% glycerol, 1 mM EDTA.- 
10 0.4% bromophenol blue and 0.4% xylene cyanol was then added. RNA was fractionated on a 1.3% agarose • 
gel containing 1.1 M formaldehyde until bromophenol blue was near the bottom. Haelll-dlgested ♦X174. 
DNA. labelled with ^P, was run as a size standard. The DNA markers indicated approximate sizes for the 
RNAbands. 

IS (c) transfer of RNA to Nitrocellulose 

RNA was transferred to nitrocellulose (#BA85, Schleicher & Schuell. Keene, NH) by blotting the gels 
overnight using 20X SSC (IX SSC Is 0.15 M NaCI, 0.015 M sodium citrate. pH 7.0) as the transfer bufl^.. 
After transfer, fillers were air-dried and balced in a vacuum oven for 2-3 hrs at 80*C. 
so ■ 

(d) Preliminary Hybridization with Radloacthre Probes 

niters were prehybridized in 6 x SSC. 10 x Denhardt's solution (1 x Denhardfs solution is 0.02% flcoll, 
0.02% polyvinylpyrrolidone. 0.02% bovine semm albumin). 0.5% NP-40, and 200 ug/ml E. cdi transfer 

as RNA at 50* C for 4 hrs. Hybridization was canried out in the fresh solution containing 2 x 10^ cpmAnl of 
either EPSP-1 or EPSP-2 probe for 48 hrs at 32* C. The EPSP-3 probe was not tested since It contained a 
codon (ATA) that is rarely iised In the petunia genome. Hybridization temperature (32*0) used In each case 
was 10*0 below the dissociation temperature (Td) calculated for the oligonucleotide with the lowest QC 
content in a mixture. The Td of the probe was approximated by the formula 2'Cx(A + "0 + 4*Cx(G* 

30 C). 

(e) Filter Washing 

The filters were washed twice for 15-20 min at room temperature in 6 x SSC and then for 5 min at 
36 37* C with gentle shaking. RIters were then wrapped in plastic film and autoradiographed for 12-14 hrs at 
-70 'C with two intensifying screens. The filters were then washed again for 5 min with gentle shaking at a 
temperature 5'C higher than previously used. The filters were autoradiographed again for 12-14 hrs. The 
autoradlographs indicated that the probe EPSP-1 hybridized to an RNA of approximately 1.9 kb in the lane 
containing the poly-A RNA from the MP4-G cell line. No hybridization to this RNA was detected in the lane 
40 containing the poly-A RNA from the MP4 cell line. This result was attributed to overproduction of EPSPS 
mRNA by the MP4-G cell line. The probe EPSP-2, which differs from EPSP-1 by a single nucleotide, 
showed barely detectable hybridization to the 1.9 kb mRNA of the MP4-G cell line but hybridized strongly 
to a 1.0 kb mRNA from both cell lines. However, the 1.0 kb Dl^ was not sufficient to encode a polypeptide 
of 50.000 daltons, and it is believed that one of the sequences in the EPSP-2 probe hybridized to an 
45 entirely different sequence in the library. These results suggested that degenerate probe mixture EPSP-1 
contained the correct sequence for EPSPS. This mixture was used In all subsequent degenerate probe 
hybridization experiments. 

E. Preparation of Xgt 10 cDNA library 

so 

(a) Materials Used 

AMV reverse transcriptase was purchased from Seikagaku America, Inc., St. Petersburg, Rorida; ttw 
large fragment of DNA polymerase I (Klenow polymerase) was from New England Nuclear, Boston, MAi 81 
55 nuclease and tRNA were from Sigma; AcA 34 column bed resin was from LKB. Gaithersburg. MD; EcoRI, 
EcoRI methylase and EcoRi linkers virere from New England Btolabs. Beveriy MA; RNasin (ribonuclease 
inhibitor) was from Promega Biotech, Madison, Wise, and all radioactive compounds were from Amersham. 
Arlington Hts.. IL. 

9 
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The XgtIO vector (ATCC No. 40179) and associated E. coll coll lines were supplied by Thanh Huynh 
and Ronald Davis at Stanford University Medical School (see Huynh 1985). This vector has three important 
characteristics: (1) it has a unique EcoRI insertion site, which avoids the need to remove a center portion of 
DNA from the phage DNA before inserting new DNA; (2) DNA ranging in size from zero to alwut 8.000 
6 bases can be cloned using this vector: and, (3) a library can be processed using E. coli MAI 50 cells (ATCC 
No. 53104) to remove clones which do not have DNA inserts. 

' (b) cDNA Rrst Strand Synthesis 

■ 10 Poly-A mRNA was prepared as described in Example 1.D.a, and resuspended In 50 mM Tris (pH 8.5), 
10 mM MgCb. 4 mM DTT, 40 mM KCI, 500 uM of d(AGCT)TP, 10 ug/ml dTiz ib primer, and 27.5 unitsAnI 
RNasln. In a 120 ul reaction volume. 70 units reverse transcriptase were added per 5 ug of poly-A RNA. 
One reaction tube contained o-s^RkJCTP (5 uCi/l20 n\ reaction) to allow monitoring of cDNA size and yield 
and to provide a first strand label to rhonltor later reactions. In order to disrupt mRNA secondary structure, 
J6 mRNA in H2O was incubated at 70* C for 3 min and the tube was chilled on Ice. Reverse transcriptase was 
. added and the cDNA synthesis was carried out at 42' C for 60 min. The reaction was terminated by the 
addition of EDTA to 50 mM. cDNA yield was monitored by TCA precipitations of samples removed at the 
start of the reaction and after 60 min. Following cDNA synthesis, the cDNA existed as a cDNA-RNA hybrid. 
The cDNA-RNA hybrid was denatured by heating the mixture in a boiling water bath for 1.5 min, and cooled 
ao . on loe. 

(c) Second Strand DNA Synthesis 

Single-stranded cDNA was allowed to self-prime for second strand synthesis. Both Klenow polymerase 
25 and reverse transcriptase were used to convert ss cDNA to ds cDNA. Klenow polymerase is employed first 
since Its 3'-5' exonuclease repair function is believed to be able to digest non-flush DNA ends generated by 
self-priming and can then extend these flush ends with Its polymerase activity. Reverse transcriptase Is 
used in addition to Klenow polymerase, because reverse transcriptase is believed to be less likely to stop 
prematurely once it has bound to a template strand. The Klenow polymerase reaction was in a final 100 ul 
30 volume excluding enzyme. The reaction mix included 50 mM HEPES. pH 10 mM MgCfe, 50 mM KCI, 
500 nM of each dNTP and cDNA. To begin the reaction, 20 to 40 units of Klenow polymerase (usually less 
than 6 ul) were added and the tubes incubated at 15'C for 5 hrs. The reaction was tenninated by the 
addition of EDTA to 50 mM. The mix was extracted with phenol and the nucleic acids were precipitated, 
icentrlfuged and dried. ^ ^ 

38 . The reverse transcriptase reaction to further extend the anti-complementary DNA strand was performed 
as described for the reaction to originally synthesize cDNA, except dTio-ia primer and RNasin were 
absent, and 32 units ol reverse transcriptase were used In a 120 ul reaction. The reaction was terminatod 
by the addition of EDTA to 50 mM. The mlxtore was extracted with an equal volume of. phond and the 
nucleic acid was precipitated, centrifuged and dried. 

(d) SI Nuclease Treatment 

200 ul of 2 X SI buffer (1 x SI buffer Is 30 mM sodium acetate, pH 4.4, 250 mM NaCI. 1 mM ZnCb), 
175 ul off HzO and 525 units of SI nuclease were added to the tubes containing 125 ul of the second 
45 strand synthesis reaction product. The tubes were incubated at 37*0 for 30 min and the reaction was 
terminated by addition of EDTA to 50 mM. The mixture was extracted with an equal volume of 
phenol/chloroform (1:1). The aqueous phase was extracted with ether to remove residual phenol. The DNA 
was precipitated with ethanol and air dried. 

so (e) EcoRI Methylation Reaction 

Since the ds cDNAs were copied from a large variety of mRNAs. many of the ds cDNAs probably 
contained Internal EcoRI restriction sites. It was desired to protect such cleavage sites from EcoRI cleavage, 
to enable the use of blunt-ended EcoRI linkers which were subsequently cleaved with EcoRI to create 
65 cohesive overhangs at the termini. 

In an effort to prevent the undesired cleavage of Internal EcoRI sites, the ds cDNA was methylated 
using EcoRI methylase. DNA pellets were dissolved in 40 ul of 50 mM Tris pH 7.5. 1 mM EDTA 5 mM 
DTT. Four ul of 100 uM S-adenosyl-L-methionine and 2 ul (80 units) of EcoRI methylase were added. 



10 



EP 0 218 571 B1 



Tubes were Incubated at 37' C for 1 5 min and then at 70 * C for 10 minutes to kill the methylase. 

It was subsequently discovered that the methylatlon reaction described below was unsuccessful in 
preventing EcoRI cleavage at an internal site within the EPSPS coding region, apparently because of 
Inactive methylase reagent. The cleavage of the Internal EcoRI site required additional steps 10 Isolate, a fulK 
6 length cDNA, as described below. To avoid those additional steps if another library is created, the 
methylation reagents and reaction conditions should be used simultaneously on the cDNA and on control 
fragments of DNA, and protection of the control fragments should be confirmed by EcoRI digestion before 
digestion IS performed on the cDNA. 

10 (f) DNA Polymerase I Rli-ln Reaction 

To the tube containing 45 n\ of cDNA (prepared as described above) were added 5 ul of 0.1. M MgCb, 
5 ul of 0.2 mM d{ACGT)TP and 10 units off DNA polymerase I. The tube was incubated at room 
temperature for 10 mln. The reaction was tenminated by the addition of EDTA to 25 mM. One microgram of 
16 uncut XgtIO DNA was added as carrier and the mix was extracted with phenol/chloroform (1:1). The ""Ctete 
acid in the mix was precipitated with phenolfchloroform (1:1). The nucleic add in the mix was precipitated 
with ethanol, centrlfuged and dried. 

(g) Ugation of EcoRI Unkers to Methylated ds cDNA 

^ Approximately 400 pmoles of EcoRI linkers (5'CGGAATTCCG3') were dissolved in 9 ul of 20 mM Tris. 
pH 8.0. 10 mM MgCI, 10 mM DTT containing 50 uCi of «-«P-ATP (5000 Cl/mmole) and 2 units of T4 
polynucleotide kinase. The oligonucleotides were Incubated at 37*0 for 30 minutes to allow Ihem te annw^ 
to each other, creating double-stranded, blunt-ended linkers. 2 units of T4 polynucleotide kinase and 1 m.of 

28 10 mM ATP were added and Incubated at 37* C for an additional 30 min. The linkers were stored at -20"C. 
The methylated DNA pellet was resuspended In tubes containing 400 pmoles of the kinased linkers. 
Ugation of the EcoRI linkers to the methylated DNA was carried out by adding 1 u\ of T4 ligase and 
IncubaHng the reaction mbclure at 12-14- C for 2 days. 

30 (h) Digestion with EcoRI to Create Cohesive Termini 

To 11 m of the reaction product from Example 1.E.(g). 10 Ul of a solution containing 50 mM Tris, pH 
7.5. 10 mM MgSO*. 200 mM NaCI were added. T4 DNA ligase was heat inactivated by incubation at 70* C 
for 10 min. Forty units of EcoRI were added and the Incubation was canied out at 37* C for 3 hr. The 
35 reaction was terminated by addition of EDTA to 50 mM. The sampte was clarified by centrifogation and 
applied to an AcA 34 column. 

0) AcA 34 Column Chromatography 

40 Free linkers (those not ligated to ds cDNA) were removed from ds cDNA with attached finkers. to 
prevent them from Interfering with the Insertion of the desired ds cDNAs Into the cloning vectors. AcA 34 
resin (a mixture of acryiamide and agarose beads, normally used for sizing) preswollen In 2 mM citrate 
buffer and 0.04% sodium azide in water, was added to the 1 ml mart* of a 1 ml plastic syringe plugged with 
glass wool. The column was equilibrated with 10 mM Tris-HCi pH 7.5. 1 mM EDTA. 400 mM NaCI. The ds 

45 CDNA mixtures with ligated linkers and free linkers (-45 ul) was brought to 400 mM NaCi. 1 Ul of 0.5% 
bromophenol blue dye (BPB) was added, and the sample was applied to the column which was mnin 
equilibration buffer at room temperature. Ten 200 ul fractfons were collected. The BPB dye nor--"" -'"^ 
from the column in the sixth tobe or later. Tubes 1 and 2 were combined and used as the i 
cDNA for cloning. 



) Assembly of XgtiO clones 



The ds cDNA was mixed with 1 ug of EcoRI-cut XgtIO DNA. precipitated with ethanol. and centrifuged. 
After washing the pellet once with 70% ethanol. the DNA pellet was air dried and resuspended In 4.5 ul of 
10 mM TrIs-HCI pH 7.5, 10 mM MgCb. 50 mM NaCI. To anneal and llgate the cDNA Inserte to the left and 
right arms of the XgtlO DNA, the mixture was heated at 70"C for 3 min.. then at 50*C for 15 min. The 
mixture was chilled on Ice, and 0.5 ul each of 10 mM ATP. 0.1 M DTT, and sufficient T4 DNA ligase to 
ensure at least 90% completfon were added. The reaction was incubated at 14' C overnight, which allowed 
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the insertion of the ds cDNA into the EcoRI site of the XgtIO DMA. "Hie resulting DMA was packaged Into 
phage particles in vitro using the method described by Scherer 1981. ■ 

(If) Removal of Phages Without inserts 

Insertion of a cDNA into the EcoRI site of Xgt10 results in inactlvation olthe Cl gene. XgtIO phages 
with Inactivated CI genes (i-e.. with Inserts) replicate normally in E. coli MAI 50 cells. By contrast, XgtIO 
phages wthout inserts are unable to replicate in the MAI 50 strain of E. coli . This provides a method of 
. removingXglOclones which do not have Inserts. ^ 

The phages in the library were first replicated in E. coti C600 (M R") cells which modified the XgtIO 
DNA to protect it from the E. coli MA150 restriction system. A relatively small number of E. coli C600 cells 
were Infected and then plated with a 20 fold excess of MAI 50 (M*R-) cells. The primary infection thus 
occurred in the M*R- cells where all the phages will grow, but successive rounds of replication occurrad In 
the MAI 50 cells which prevented the replication of phages without inserts. The amplified phage library was 
16 collected trom the plates, and after removal of agar and other contaminants by centrifugation, the 
recombinant phages were ready to use in screening experiments. 

F. Screening of cDNA Ubrary; Selection of pMONOSai 

20 Approximately 6000 phages (each plate) were spread on 10 cm x 10 cm square plates of solid NZY 
agar (Maniatis 1982) with 0.7% agarose. A translucent lawn of E. coli MAI 50 cells was growing on the 
plates. Areas where the phages infected and killed the E. coli cells were indicated by clear areas called 
. "plaques", which were visible against the lawn of bacteria after an overnight incubation of the plates at 
37* C: Six plates were prepared In this manner. The plaques were pressed against pre-cut nitrocellulose 

25 filters for about 30 mln. This formed a symmetrical replica of the plaques. To affix the phage DMA, the 
filters were treated with 0.5 M NaOH and 2.5 M NaCI for 5 min. The filters were then treated sequentially 
with 1.0 M Tris-HCI. pH 7.5 and 0.5 M Tris-HCI. pH 7.5 containing 2.5 M NaCI to neutralize the NaOH. They 
were then soaked In chlorofonm to remove bacterial debris. They were then air-dried and baked under a 
vacuum at 80* C for 2 hr, and allowed to cool to room temperature. The filters were then hybridized W«h 

30 »P-labelled EPSP-1 probe (2 x 10"^ cpm/filter) as described in Example 1.D(b). After 48 hr of hybridlzatkm, 
the filters were washed in 6 x SSC at room temperature twice for 20 min and then at 37* C for 5 min. TTwse 
washes removed non-specifically bound probe molecules, while probe molecules with the exact con^espond- 
Ing sequence (which was unknown at the time) remained bound to the phage DNA on the filter. The filters 
were analyzed by autoradiography after the final wash. After the first screening step, seven posith^ly 

3S hybridizing signals appeared as black spots on the autoradiograms. These plaques were removed from the 
plates and repiated on the fresh plates at a density of 100-200 plaques/plate. These plates were screened 
using the procedure described above. Four positively hybridizing phages were selected. DNA was isolated 
from each of these four clones and digested with EcoRI to determine the sizes of the cDNA Inserts. The 
clone containing the largest cDNA Insert, approximately 330 bp, was selected, and designated XE3. The 

40 cDNA insert from XE3 was inserted Into plasmW pUC9 (Vieira 1981), and the resulting plasmkt was 
designated PMON9531. 

To provide confirmation that the pMON953l clone contained the desired EPSPS sequence, the Insert 
was removed from the pMON9531 clone by digestion with EcoRI. This DNA fragment was then sequenced 
by the chemical degradation method of Maxam 1977. The amino add sequence deduced from the 
4S nucleotide sequence corresponded to the EPSPS partial amino acM sequence shown in Tabte 1 . 

Q. Creation of XF7 Genomfc DNA Clone 

In order to obtain the entire EPSPS gene, chromosomal DNA from the MP4-G cells line was digested 
60 with BamHI and cloned into a phage vector to create a library, whteh was screened using the partial EPSPS 
sequence from pMON9531 as a probe. 

(a) Preparation of MP4-G Chromosomal DNA Fragments 

65 MG4^a cells were frozen and pulverized in a mortar with crushed glass In the presence of liquid 
nitrogen. The powdered cells were mixed wHh 8 ml/g of cold lysis buffer containing 8.0M urea. 0.35 M 
NaCI, 0.05M Tris-HCL(pH 7.5), 0.02 M EDTA. 2% saritosyl and 5% phenol. The mixture was stined with a 
glass rod to break up large clumps. An equal volume of a 3.1 mixture of phenol and chloroform containing 

12 



EP 0 218 571 B1 



5% Isoamyl alcohol was added. Sodium dodecyl sulfate (SDS) was added to a final concentration of 0.5%. 
The mixture was swirled on a rotating platform for 10-15 minutes at room temperature. The phases were 
separated by centrifugation at 6.000 x g for 15 minutes. The phenol/chloroform extraction was repeated, . • 
Sodium acetate was added to the aqueous phase to a final concentration ol 0.16 M and the DMA was 
s precipitated with ethanol. The DNA was collected by centrifugation. dissolved In1 x TE (lOmM Trfe-HCI. pH 
8.0, 1 mM EDTA) and banded in a CsChethidium bromide gradient. The DNA was collected by puncturing 
the' side of the tube with a 16 gauge needle. The ethidium bromide was extracted with CsCI-saturated 
Isopropanol. and the DNA was dialyzed extensively against 1 x TE. Approximately 400 tig of DNA was 
isolated from 12 g of cells. 

10 MP4-G chromosomal DNA (10 tig) was digested to completion with 30 units of BamHI in a buffer • 
containing 10 mM Tris. pH 7A, 1 mM DTT. lOmM MgCfe. 50 mM NaCI for 2 hours at 37*C. The DNA was . 
extracted with phenol followed by extraction with chloroform and precipitated with ethanol. . Tl» DNA 
fragments were suspended in 1 x TE at a concentration of 0.5 ug/tit. 

16 (b) Cloning of MP4-G Chromosomal DNA Fragments in XMG1 4 

DNA from phage XMG14 (obtained from Dr. Maynard Olson of the Washington University School of 
Medicine, St Louis, Missouri) was prepared by the method described in Maniatis 1982. 150 ug of DNA was 
digested to completion wHh BamHI in a buffer containing lOmM TrIs-HCI, pH 7.8. 1 mM DTT. 10 mM 

20 MgCla. 50 mM NaCI. The completion of the digest was checked by electrophoresis through 0.5% agarose., 
gel. The phage DNA was then extracted twice with phenol-chloroform-isoamyl alcohol (25:24:1) and 
precipiated with ethanol. The DNA was resuspended In 1 x TE at a concentration of 150 ug/ml. MgCb was 
added to 1 0 mM and incubated at 42 • C for 1 hr to allow the cohesive ends of XDNA to reanneal. 
■ Annealing was checl<ed by agarose gel electrophoresis. 

SB After annealing. DNA was layered over a 38 ml (10-40%, w/v) sucrose gradient In a Beckman SW27 
ultracentrifuge tube. The gradient solutions were prepared in a buffer containing 1 M NaQ, 20 mM TrIs-HCl 
(pH 8.0). 5 mM EDTA. 75 ug of DNA was loaded onto each gradient The samples were centrlfuged at , 
26,000 rpm for 24 hours at 15' C in a Beckman SW 27 rotor. Fractions (0.5 ml) were collected from the top 
of the centrifuge tube and analyzed for the presence of DNA by gel electrophoresis. The fractions 

so containing the annealed left and right amis of XDNA were pooled together, dialyzed against TE and ethanoh 
precipitated. The precipitate was washed with 70% ethanol and dried. The DNA was dissohwd in TE at a 
concentration of 500 txg/ml. 

The purified arms of the vector DNA and the BamHI fragments of MP4-G DNA were mixed at a molar 
ratio of 4:1 and 2:1 and ligated using TfDNA ligase in a ligase buffer containing 66 mM Tris-HCI, pH 7.5,5 

95 mM MgCl. 5 mM DTT and 1 mM ATP. Ligations was canied out overnight at 15'C. Ligation was checked 
by agarose gel eletrophoresis. Ligated phase DNA carrying inserts of MP4-GDNA were packaged Into 
phage capsids In vitro using commercially available packaging extracts (Promega Biotech, Madison, Wl). 
The packaged phagTwere plated on 10 crn x 10 cm square plates of NZY agar in 0.7% agarose at a 
density of approximately 6000 plaques per plate using E. coll C600 ceils. After overnight incubation at 

40 37 'C, the plaques had formed, and the plates were removed from the incubator and chilled at 4*0 tor at 
least an hour. The agar plates were pressed against nitrocellulose filters for 30 minutes to transfer phages 
to the filters, and the phage DNA was affixed to the filters as described previously. Each filter was 
hybridized for 40 hours at 42-C with approximately 1.0 x 10^ cpm/filter of the 330 bp cDNA insert isolated 
from the pMON9531 clone, which had been nick-translated, using the procedure described in Maniatis . 

45 1982. The specific activity of the probe was 2-3x10* cpm/ug of DNA. Hybridization was carried out in a . 
solution containing 50% formamide, 5x BSC. 5x Denhardt's solution, 200 jxg/ml tRNA and 0.1% SDS. RIters 
were washed in 1 x SSC. 0.2% SDS at 50*0 and autoradiographed. Several positive signals were 
observed, and matched with plaques on the corresponding plate. The selected plaques were lifted, 
suspended in SM buffer, and plated on NYZ agar. The replica plate screening process was repeated at 

50 lower densities until all the plaques on the plates showed positive signals. One isolate was selected for 
further analysis and was designated as the XF7 phage clone. 

H. Creation of pMON9543 and pMON9556 

65 The DNA from XF7 was digested (separately) with BamHI. Bglll, EcoRI. and Hindlll. The DNA was 
hybridized with a nick translated EPSPS sequence from pMON9531 in a Southern blot procedure. TOs 
indicated that the complementary sequence from XF7 was on a 4.8 kb Bglll fragment. This fragment was 
inserted into plasmid pUC9 (Vieira 1982), replicated, nick translated, and used to probe the petunia cDNA 
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library, lislng hybridization conditions as described in Example I.G. using 10^ cpm per filter. A cDNA ctone 
with a sequence Itiat bound to the XF7 sequence was identified, and designated as pMON9543. 

DNA sequence analysis (Maxam 1977) indicated that pMON9543 did not contain the stop codon or the 
is- non-translated region of the EPSPS gene. Therefore, the EPSPS sequence was removed from 

I pM0N9543. nick translated, and used as a probe to screen the cDNA library again. A clone which 
hybridized with the EPSPS sequence was identified and designated as pMON9556. DNA sequence analysis 
indicated that the Insert in this clone contained the entire 3' region of the EPSPS gene. Including a 
polyadenylated tail. The 6* EcoRl end of this insert matched the 3' EcoRI end of the EPSPS Insert in 
PMON9531 . An entire EPSPS coding sequence was created by ligating the EPSPS Inserts from pMON9531 

q and plVlON9556. 

i. Creation of pMON546 Vector with CaMV 35S/EPSPS Gene 

The EPSPS insert In pMON9531 was modified by site-directed mutagenesis (Zoller et al. 1983) using 

f6 an iVI13 vector (Messing 1981 and 1982) to create a Bglll site in the 5* non-translated region of the EPSPS 
gene. The modified EPSPS sequence was isolated by EcoRI and Bglll digestion, and inserted into a plant 
. transformation vector. pMON530, to obtain pMON536. as shown In Rgure 2. pMON530. a derivative of 
PMON505 carrying the 35S-NOS cassette, was created by transferring the 2.3 I* Stul-Hindl II fragment of 
pMON3i6 into pM0N52e. Plasmid pMONSIB (see Rgure 5) is a co-integrating type intermediate vector 

to with unique cleavage sites for the restriction endonucleases Bglll. Clal, KpnI. Xhol and EcoRI located 
between the 5' leader and the NOS polyadenylation signals. The cleavage sites provide for the Insertion of 
coding sequences carrying their own translational Initiation signals immediately adjacent to the CalVlV 35S 
. transcript leader sequence. The 316 plasmid retains all of the properties of pMONZOO Including speo- 
tlnomycln resistance for selection in E. coH and A. tumefaclens as well as a chimeric Icanamydn gene 

w (NOS/NPTIUNOS) for selection of transformed plant tissue and the nopaline synthase gene for ready 
scoring of transformants and Inheritance In progeny. Plasmid pMON526 Is a simple derivative of pMONSOT 
in which the Smai site was removed by digestion with Xmal, treatment with Klenow polymerase and ligalioo. 
The resultant plasmid. pMON530 (Figure 2) retains the properties of pMONSOS and the 35S-NOS 
expression cassette now contains a unique cleavage site for Smal between the promoter and poly- 

30 adenylation signals. The 1.62 kb EcoRl-EcoRI fragment from pMON955e was then Inserted Into pMON536 
to obtain pMON546. Since pMON530 already contained a 35S promoter from a cauliflower mosaic virus 
(CaMV) next to the Bglll site, this created a chimeric CaMV/EPSPS gene In pMON548. 

As shown in Rgure 2. plasmid pMCN546 contained (1) the CaMV 35S/EPSPS gene; (2) a selectable 
marker gene for kanamycin resistance (Kan"): (3) a nopaline synthase (NOS) gene as a scorable martjer; 

35 and (4) a right T-DNA border, which effectively caused the entire plasmid to be treated as a "transfer Dm 
(T-DNA) region by A. tumefaclens cells. This plasmid was Inserted into A. tumefaclens cells which 
contained a helper plasmid. pGV3l1lSE. The helper ptasmid encodes certain enzymes which are neces- 
sary to cause DNA from pM0N546 to be inserted Into plant cell chromosomes. It also contains a kanamydn 
resistance gene which functions in bacteria. 

40 A culture of A. tumefaclens containing pMON548 and pGV31H-SE was deposited with the American 
Type Culture Collection (ATCC) and was assigned ATCC accession number 53213. If desired, either one of 
these plasmlds may be Isolated from this culture of cells using standard methodology. For example, these 
cells may be cuHured wHh E. coll cells which contain a mobilization plasmid, such as pRK2013 (Ditta1980). 
Cells which become Spc/sSVkanS will contain pMON546. while cells which become Kan", spc/str« will 

45 contain pGVai 11 -SB. 

EXAMPLE 2: GLY** PETUNIA CELLS 

Leaf disks with diameters of 6 mm (1/4 inch) were taken from surface-sterilized petunia leaves. They 
50 were cultwated on MS104 agar medium for 2 days to promote partial cell wall formation at the wound 
surfaces. They were then submerged In a culture of A. tumefaclens cells containing both pM0N546 and 
GV3111-SE which had been grown overnight in Luria broth at 28 'C. and shaken gently. The cells were 
removed from the bacterial suspension, blotted dry. and Incubated upside down on filter paper placed over 
"nurse" cultures of tobacco cells, as described in Horsch 1981. After 2 or 3 days, the disks were fransfenred 
65 to petri dishes containing MS media with 500 ug/mi carbenicillin and 0. 0.1, 0.25. or 0.5 mM ghfphosale 
(sodium salt), with no nurse cultures. 

Control tissue was created using A. tumefaciens cells containing the helper plasmid pGV3111-SE and a 
different plant transformation vector. pMONSOS. which contained a T-DNA region with a NOS/NPTII/NOS 
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kanamydn resistance gene and a NOS selectable marker gene Identical to pMON546. but without the 
CaMV/EPSPS gene. 

Within 10 days after transfer to the media containing glyphosate, actively growing callus tissue , 
appeared on the periphry of all disks on the control plate containing no glyphosate. On media containing 0.1 

6 mM glyphosate, there was little detectable difference between the control disks and the transfonnned tissue. 
At 0.25 mM glyphosate, there was very llttie growth of callus from control disks, white substantial growth of 
transformed tissue occurred. At 0.5 mM glyphosate, there was no callus growth from the control disks, white 
a significant number of calii grew from the transformed disks. This confirms that ttie CaMV/EPSPS gene 
conf^nred glyphosate resistance upon the transformed coHs. 

10 . 
EXAMPLE 3: Qly" Tobacco CeBs 

Leaf disks were excised from tobacco plants (N. tabacum ). and treated as described above with A. 
tumefaciens cells containing pMON546 (or pMONSOS, for control ceils) and helper plasmid pGV3111-SE. 
15 The cells transformed with the CaMV/EPSPS gene created substantial amounts of callus tissue on 0.5 mM 
glyphosate, whereas the celte which did not contain that gene did not create any detectabte idallus tissue. 

EXAMPLE 4: Gly" Soybean Cells 

20 \. Sterile hypocotyi pieces of Glycine canescens , a type of soybean, were infected wittt tiie A. 
tumefaciens strain containing the chimeric EPSPS gene as described in Example 2. Nurse culture plates 
were made which contained a medium of 10% of ttie normal level of MS salts (GIBCO), B5 vitamins. 3 gfl 
sucrose. 2 mg/l napthalene acetic acid, 1 mg/l benzyladenlne, and 0.5 rriM arglnine. The pH was adjusted to 
. 5.7 before autoclaving. 

as The infected soybean hypocotyls were Incubated at 26* C for two days and transfen-ed to a similar 
medium (except ttiat the MS salts were not diluted) and additionally containing 500 mg/l carbenlcillin, 100 
mg/l cefotaxime and 100 mg/l kanamydn. Under these conditions, only transformed soybean callus was 
able to grow. 

Control tissue was produced using A. tumefaciens cells containing the helper Ti plasmid pTIT37-SE and . 

30 a plant transformation vector pMON200. See Fraley et al. Biotechnology VoL 3, 1985, described herein. The 
co-integrate pTiT37-SE contained a T-DNA region with a NOSfl^PTII/NOS kanamydn resistance gene and a 
NOS scorable marker gene identical to pMON200. but without the CaMV 3SS/EPSPS/N0S gene. 

This disarmed nopaline-type Ti plasmid was created from pTiT37 in a manner analogous to ttiat 
described by Fraley et al. (1985) for creating the pTlB6S3-SE disarmed octopine-type TI plasmid. The 

35 general procedure is to replace most of the pTiT37 T-DNA with a selectable marker and pBR322 and UH . 
segments from pMON200 to provide a region of homology for recombination witii pMON200 and deriva- 
tives. This replacement results In the deletion of the rightmost approximately 80 percent of tiie T-DNA 
Including the phytohormone blosynthetic genes, nopaline synthase gene and the right border of the T-DNA. 
The source of ttie pTiT37 sequences was the plasmid MINI-Tl described by deFramond et al. 

40 (Bio/Technology 1: 262, 1983). This plasmid is a convenient source: however, these same TI plasnUd 
segments could be obtained directly from Ihe pTIT37 or related pTiC58 plasmid or from subclones of tties© 
plasmids Isolated by otiiers such as tiiose described by Hepburn et al. (J. Mol. Appi. Genetics 2: 211-224. 
1983) or Zahm et aL (Md Gen Genet 194: 188-194, 1984). 

Plasmid MINI-Ti is a derivativet of pBR325 canrying the pTiT37 Kpnl fragments 13b. 4 and 11 

45 (deFramond et al.. 1983) which are analogous to the pTiC58 Kpnl fragments 13. 3 and 12 (Depicker et al.. 
Plasmid 3: 193-211, 1980). The internal T-DNA sequences including the phytohormone blosynthetic genes 
and right border were removed from mIni-Ti by digestion with Hindlll and religation to produce pMON284. 
The PMON284 plasmid contains a unique Kpnl site which was converted to a BamHI site by cleavage wHh 
Kpnl and insertion of the foltowing synthetic linker 

so 

5'- CGGATCCGGTAC 
CATGCtCCTAGGC 

which contains a BamHI site (S'-GGATCC) in the ttie center of tfie linker. A plasmid ttiat contains this linker 
was isolated and called pMON293. 

The PMON293 plasmid carries the following pTiT37 fragments adjacent to each ottw in inverted 
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orientation with respect to their orientation In the Ti plasmid and joined through a BamHl linker. Rrst Is the 
Kpnl site at the right end of the 13b fragment. This fragment contains the left border of the pTIT37 T-DNA. 
Then comes the left end of the 13b fragment joined to the BamHl llnl<er. Joined to this Is the right end of 
the Kpnl 11 fragment. This fragment contains Ti plasmid located to the right of the T-DNA and ends with a 
6 Hindlll site that is the right end of the pTiC58 Hindlll 2 fragment (Depicker et al.. 1980). This Is joined to the 
pBR325 derivative plasmid which also is fused to the Kpnl site at the right end of the Kpnl 13b frBgment 

To Introduce homology to pMON200 and a kanamycin resistance selectable maricer for A. tumefaciens 
between the pTiT37 segments, we constructed plasmid pl^ON292. Plasmid pl^0N292 is a derivative of 
. pM0N113 which consists of the 2.6 l<b pBR322 Pvull to Hindlll fragment joined to the 1.7 kb Bglll 
. . 10 (nucleotide 1617) to Hindlll (nucleotide 3390, Bariter et a!.. Plant Mol. Biology 2: 335. 1983) fragment of 
octopine type T-DNA of pTiA6. This segment, called the LIH. has been previously described by Fraley et al. 
(1985). The BglH site was made flush ended by treatment with Klenow polymerase before ligation with the 
p6R322 segment 

. PlasmW pMONIIS was cleaved with Hindlll, treated with Klenow polymerase and joined to the 1.2 Wj 
. IS Avail fragment of Tn903 Oka et al J. Mol BloL 147:217 (1981) (601) that had been treated with Klenow 
polymerase, llgated to synthetic BamHl linkers, digested with BamHl and treated again with Klenow 
. polymerase. The resulting plasmid carrying the Tn903 kanamycin resistance determinant adjacent to the 
LIH segment was called pMON292. 

The pMON200 homology region and bacterial kanamycin resistance marker were Inserted between the 
80 pTiT37 segments by mixing pMON292 linearized by cleavage with Hindi with two fragments derived from 
pMON293: a 2.5 kb Pvull-BamHI fragment and a 4.5 kb fragment isolated after cleavage with Hindlll. 
Klenow polymerase treatment and cleavage with BamHl. The resulting plasmid. pMON313, canies the 
. following fragments In this order. First, is the BamHl linker followed by a 4.5 kb KpnI-Hlndlll fragment 
. derived from the right side of pTiT37 Kpnl fragment 11. This is joined to the 750 bp Hincll-Hindlll segment 
25 of pBR322 followed by the 12 kb Tn903 segment encoding kanamycin resistance. This Is followed by the 
LIH (Hindlll-Bglll segment and the Pvull-Hlncll segment of pBR322 that can-ies the origin of replication. 
Next, there is a 2.5 kb Pvull to Kpnl fragment from the left end of the pTiT37 Kpnl 13b fragment which 
contains the left border of the T-DNA. Finally, this is joined to the starting BamHl linker. 

To Introduce this DNA Into Agrobacterium. pMON313 was cleaved with BamHl and mixed with pRK290 
30 DNA that had been cleaved with Bglll and treated with DNA ligase. A derivative of pRK290 carrying the 
pM0N31 3 plasmid was isolated and called pMONSI 8. 

Plasmid pMON318 was introduced into Agrobacterium tumefaciens strain A208 which carries pTIT37 
and a chromosomal chloramphenicol resistance by standard bacterial mating methods using pRK2013 as a 
helper. This method and subsequent selection for the replacement of the T-DNA with the engineered T- 
36 DNA segment carried in pMON318 was exactly as described by Fraley et al. (1985) lor the selection of the 
disarmed octopine-type pTiB6S3-SE plasmid. 

The resultant disarmed pTIT37-SE plasmkJ contains the vlr region intact and retains the left T-DNA 
border and approximately 1 kb of the T-DNA. This region of the T-DNA has not been reported to encode a 
transcript (Joos et al., Cell 32: 1057-1067, 1983. This is followed by the pBR322 segment and LIH and then 
40 the Tn903 kanamycin resistance. The Tn903 segment is joined to a 750 bp segment of pBR322 that is 
joined to the left end of the pTIT37 analogue of the pTiC58 Hindlll 2 fragment (Depicker et a!.. 1980). This . 
fragment is located outside the right end of the pTIT37 T-DNA. The result Is that over 90% of the T-DNA 
Including the phytohormone biosynthetic genes responsible for crown gall disease productkxi and right 
border are absent from the pTiT37-SE plasmid. 
46 The pTiT37-SE plasmid is carried in a derivative of strain A208 that was selected for growth in 25 ug/ml 
chloramphenicol and this strain with the disarmed plasmid is called A208-SE or ASE. The A208-SE strain is 
used as a recipient for the pMON200 intermediate vector in the triple mating procedure in exactly the same 
manner as the 3111-SE strain (Fraley et al,. 1985). This resuKs in a co-integrate hybrid T-DNA consisting of 
the following from left to right the pTiT37 left border and approximately 1 kb of sequence just inside the 
60 border, the pBR322 Hindi to Pvull segment the pTlA6 Bglll to Hindlll LIH region, the pMON200 synthetic 
multi-linker, the NOS/NPTII/NOS kanamycin resistance gene tor selection in plants, the Tn7 
spedlnomydn/streptomydn resistance determinant the nopaline synthase gene as a scorable maricer for 
plant cells, the right border of the pTiT37 T-DNA. The DNA between the two border sequences Just 
described and any other DNA inserted Into Vne analogous region of pMON200 and derivatwes are 
65 transferred to plant cells during the transformation procedure. 

After 14r17 days, soybean callus transformed with either the vector atone (pMON200 plasmid) or with 
the vector containing a chimeric EPSPS gene was transferred to petri dishes containing MS medium and 0, 
0.5 mM or 1.0 mM glyphosate. 



18 



EP 0 218 571 B1 



Within 18-20 days after transfer to the media containing glyphosate, actively growing callus tissue 
appeared in all dishes containing no glyphosate. On medium containing 0.5 mM glyphosate there was little 
growth In the dishes containing control callus, i.e., the callus contain the plVION200 vector alone, while sorne 
callus colonies containing the chimeric EPSPS gene described hereinbefore in Figure 2 showed definite 
6 growth. At 1.0 mM glyphosate, there was no callus growth from the control tissues and again, some growth 
of the transformed callus containing the chimeric EPSPS gene. This confirms that the CaMV 
35S/EPSPS/NOS gene confenred glyphosate resistance on the soylwan pens. 

EXAMPLE 5: Gly" Cotton Celte 

10 

A plant transformation vector similar to pMON546 is prepared following the general procedure outlined 
in Example 1 except that the CTP/EPSPS coding sequence is obtained from cotton. Seeds of cotton 
(cultivator Delta Pine 50) are surface sterilized using sodium hypochlorite and germinated in vitro on a basal 
medium In the dark. After 2 weeks hypocotyls and cotyledons are cut Into pieces and innoculated with a 

fs tumorous strain of A. tumefaclens containing the above described transfomnation vector and helper plasmki 
pGV31l1. After 3 diys coculture on MS basal medium, the explants are transferred to the same medium 
with 500 mg/l carbenicillin to kill the bacteria. After 2 to 4 weeks, tumor tissue is transfen'ed to the same 
medium containing 0.5 mM glyphosate.. 

Control tissue was produced using tumorous A. tumefadens cells containing the helper plasmld 

ao pGV3111 and pMON200. Tissue transformed wHh the above-described transformation vector demonstrates., 
glyphosate resistance by continuing grovrth while growth of pMON200 transformed tissue (control) and 
nontransfomned tissue is Inhibited. 

EXAMPLE 6: Gly" Oil Seed Rape cells 

ss 

A plant transformation vector similar to pMbN54e Is prepared following the procedure outlined In 
Example 1 except that the CTP/EPSPS coding sequence is obtained from rape plant such as Brassica 
napus (see Example 17). 

The four terminal intervals from B. napus plants (growth chamber grown In soil) are surface sterilized In 
90 sodium hypochlorite and cut into 5 mm sections. The upper surface of each piece is inoculated with an 
overnight liquid culture of A. tumefaciens containing the above described transformation vector and helper 
plasmid pTiT37-SE and incubated for 2 to 3 days on nurse culture plates containing 1/10 MS. medium with 
1 mg/l BA. The explants are then transferred to MS medium containing 1 mg/l BA, 500 mg/l carbenicillin 
and 100 mg/l kanamycin. After 3 to 6 weeks, leaf tissue from transgenic shoots that have developed Is 
35 transferred to the same medium but with 0.5 mM glyphosate Instead of the kanamycin to test for tolerance. 
Control tissue is prepared using A. tumefadens cells containing helper plasmid pTiT37-SE and vector 
pMON200. Transgenic tissue that expresses EPSPS are able to grow in the presence ol glyphosate white 
transfonmed and non-transformed controls are Inhibited. 

40 EXAMPLE 7: Gly" Rax Celte 

A plant transformation vector similar to pMON54e is prepared fbltowing the procedure outlined In 
Examples 1 , and 1 4-1 7 except that the CTP/EPSPS coding sequence is obtained from flax. 

Flax seeds are surface-sterilized with 70% ethanol. 25% Chlorox and rinsed with sterile distilled water. 
46 The seeds are placed on solid MS medium and allowed to germinate in the light for 5-7 days. The 

hypocotyls are removed aseptically and inoculated with A. tumefaciens cells containing the above-described 

transformation vector and helper plasmid pTiB6S3-SE or pTiT37-SE and permitted to co-culture for 2 days 

on MS medium containing 1 mg/l benzylaminopurine, 0.02 mg/l naphthalene acetic acid and 4% sucrose. 

The hypocotyte are then placed on MS medium supplemented with 400 mg/l kanamydn and 500 mg/l 
60 carbenrclllln. After 2 weeks, selection for transformed callus and shoots are evident The original explant 

begins to turn brown and the non-transformed initially formed shoots bleach white. The selected callus and 

shoots are green and opine positive. 

Control tissue is prepared using A. tumefaciens cells containing helper plasmid pTiB6S3-SE or pTiT37- 

SE and vector pMON200. Selected callus transformed with the above-described EPSPS vector dom- 
es onstrates resistance to glyphosate at concentrations between 5.0 and 20.0 mM. Control tissue bleaches and 

dies at these glyphosate levels. 

EXAMPLE 8: Isolation of Mutant EPSPS gene from E. coli 

17 
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Cells of E. coli ATCC 1 1 303 were transferred to medium A and Incubated al 37 " C. 
MEDIUM A 

10 X MOPS medium 50 ml 

50% glucose solution 2 ml 

100 mM aminomethyl phosphonate 2 ml 

Thiamine (5ing/ml), pH 7.4 1ml 

100 mH Glyphosate (sodium salt) 2 ml 

Deionized water to 500 ml 

10 X MOPS medium: 

Per 500 ml 

1 M MOPS (209.3g/l, pH 7.4 200 ml 

1 M Tricine/89.6g/l, pH 7.4) 20 ml 

0.01 M FeSO^,7H20 (278.01 mg/lOOml) 5 ml 

1.9 M NH^ci (50.18g/500ml) 25 ml 

.276 M KjSO^ (4.81g/100ml) 5 ml 

0.5 mM CaCl2, 2H2O (7.35mg/100ml) 5 ml 
0.528 M MgCl2 (10 . 73g/100ml) . 5 ml 

5 M NaCl (292.2g/l) 50ml 

0.5% L-Methionine (500mg/100ml) 5 ml 

micronutrients* 5 m1 

* Micronutrients in 25 ml HjO 

ZnSO^ (2.88mg/ml) 25 jjI 

MnCl2 (1.58mg/tal) 250 m1 

CuSO^ (1.6 mg/ml) 25 pi 

C0CI2 (7.14mg/ml) 25 jil 

H3BO3 (2.47mg/ml) 250 pi 

m^KO^O^^ (3.71mg/ml) 25 pi 

After a week, a culture was olrtained wtiich could grow rapidly In the presence of higti concentrations off 
glyphosate in the growth medium (10 mM or higher). Analysis of the EPSPS activity in the extracts of ttite 
culture and comparison of Its glyphosate sensitivity with that of wild type revealed that the mutant 

organism had an altered EPSPS. The glyphosate sensitivity of EPSPS of mutant cells was significantly 
different from that of wild type. This mutant bacterium was designated E. coll 11303 SIWI-I. The aroA gene 
encoding EPSPS from this mutant bacterium was isolated as follafws. 

Isolation of aroA gene encoding EPSPS from E. coli 11303 SM-1: The DNA from this bactenum was 
isolated (Mamiur. J. (1961) J. Mol. Biol. 3:208-21 STSoDthem hybridization using E. coli K-12 aroA gene 
(Rogers et al.. 1983) as the probe established that the aroA gene in the mutant bacterium was on a 3.5 Kb 
Bglll-Hindlll fragment This fragment was ctoned into the vector pKC7 (Rao, R.N. & Rogers. S. G. (1979). 
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Gene, F. 7-0-82) and the resulting ptesmld was used tor transformaflon of E. coll . Transformed colonies 
were screened tor their ability to grow in these conditions and were shown to contain the 3.5Kb Bglli-Hindlii 
Insert by hybridization with the E. coll K-12 aroA gene. This clone was designated pMON9538. An Nde|- 
EcoRI fragment of this Insert which contains greater than 86% of the aroA gene from the mutant bacteriuiii 

6 was cloned Into an expression vector (pMON601 2, a derivative of plW10N6001 described below) generating a 
hybrid EPSPS coding sequence carrying the E. coH K-12 aroA coding sequence of E. coil K-12 and 11303 
SM-1. This clone was designated pMON9540. The EPSPS produced by this hybrid aroA gene retained Ks 
glyphosaie tolerance, suggesting that the mutation conferring glyphosate tolerance to EPSPS in 11303 SM- 
1 was localized within amino acids 53-427. TTie E. coll mutant EPSPS gene was incorporated into plant 

10 transformation vector with and without a chloroplast transit peptide In the following manner. 

Plasmid pMON6001 is a derivative of pBR327 (Soberon et al.. 1980) carrying the E. coH K12 EPSPS 
coding sequence expressed from two tandem copies of a synthetic phage lambda pL promoter. Plasmid 
pMONMOl was constructed in the following manner. Rrst, pM0N4 (Rogers et al.. 1983) was digested with 
Claj and the 2,5 kb fragment was Inserted into a pBR327 that has also been cleaved with Clai. TTie resultino 

IS plasmid, pM0N8, contains the EPSPS coding sequence reading in the same direction as the beta- 
lactamase gene of pBR327. 

To construct pMON25. a derivative of pMONB with unique restriction endonucleaso sites located 
adjacent to the E. coii EPSPS coding sequence, the following steps were taken. A deletion derivathre of 
plVI0N4 was made by cleavage with BstEII and religatlon. The resultant plasmid, pM0N7 ladts the 2 kb 

20 BstEII fragment of pM0N4. Next, a 150 bp Hinfl to Ndel fragment which encodes the 5' end of the EPSPS.. 
open reading was Isolated after digestion of pM0N7 with Ndel and Hinfl and electroeltution following 
electrophoretic separation on an acrylamide gel. TTiis piece was added to the purified 4.5 kb BamHI-Ndel 
fragment of pMONS whteh contains the 3' portion of the EPSPS coding sequence and a synthetic linker 
with the sequence: 

26 ■ ■ ■ 

5 » -GATCCAGATCTGTTGTAAGGAGTCTAC3ACCATGG 

GTCTAGACAACATTCCTCAGATCTGGTACCTTA 

The resulting plasmid pMON25 contains the EPSPS coding sequence preceded by unique BamHI and Bglll 
sites, a synthetic ribosome binding site, and unique Xbal and Ncol sites the latter of which contains the 
ATQ Irahsiationa! initiator signal of the coding sequence. 

To construct pMONBOOl, pMON25 was digested with BamHI and mixed with a synthetic DNA fragment 
36 containing a partial phage lambda pL sequence (Adams and ealluppi, 1986) containing BamHI sticky ends: 

5 • -GATCCTATCTCTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGACCACATCG 
GATAGAGACCGCCACAACTGTATTTATG6TGACCGCCACTATGACTCGTGTAGCCTAG 

40 

The resulting plasmid pMONBOQI cantos two copies of the synthetic phage lambda pL promoter fragments 
as direct repeats in the BamHI site of pMON25 in the correct orientation to promote transcription of the 
EPSPS coding sequence. The Bglll-Hindlll fragment from pMON6001 which contains the E. coii K.12 aroA 
45 gene was inserted into a pEMBL18+ vector and a EcoRI site was inserted at aa27 by site directed 
mutagenesis. This clone with the new EcoRI site was called pMON6530. The Ndel-Bglll fragment (which 
includes the new EcoRI site) from pMON6530 was cloned into the Ndel-Bglll digested pMON9540 to give 
pMON6531. 

Plasmid piy4ON6012 is a simple derwative of pMONBOOl created by cleavage of pMONBOOl and EcoRI, 
60 treatment with large Menow fragment of E coii DNA polymerase and ligation. This gave rise to pMQNBOlO 
Which contains no EcoRI cleavage sHe. Plamld pMON6012 was then created by digestion of pMONBGIO 
with Pvull and Insertton of a synthetto EcoRI linker: 



65 
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Into the unique Pvull site near the end of the EPSPS coding sequence. 

The 330bp EcoRI fragment of pMON9531 (was cloned Into Ml 3 mp9 creating a new plasmid M8017. 
Site directed mutagenesis was performed to introduce a Bglll site in the leader sequence just 5' of the 
chloroplast transit peptide using the mutagenesis primer 
6 S'-CCATTCTTGAAAGATCTAAAGATTGAGQA 

The mutagenlzed clone obtained is designated Ml 3 MSOaO. The Bglll-EcoRI fragment was cloned into Bglll- 
EcoRI digested pMON530 creating piWONSSO. pMON530 is a pMON505 derivative (Horsch & Klee, 1985) 
carrying the 35S-NOS cassette created by transferring the 2.3 kb Stul-Hindlll-fragment of pMON316 into 
: plVION526. Plasmid pMON526 is a simple derivative of pMON505 In which the Smal site was removed by 
10 digestion with Xmal. treatment with Klenow polymerase and ligation. The resultant plasmid, pMON530 (Rg. 
2) retains the properties of pMON505 and the 35S-NOS expression cassette now contains a unique 
cleavage site for Smal between the promoter and polyadenylation signals. The EcoRI fragment containing 
the aroA gene from pMONBOSi was cloned Into the EcoRI site of pMON536 creating pl^ON542. - 

The Bglll-EcoRI fragment of pMON9540 which encodes the hybrid K12-SM1 EPSPS without the OTP 
16 was cloned Into the Bglll and EcoRI sites of pMON530 to create pMONSOTS. 

Transformation of tobacco cells using pMON542 (construct with OTP) as previously described in . 
. Example 3 resulted in glyphosate resistance. Conversely, transfonnation of tobacco with pMON8078 
(construct without OTP) failed to confer glyphosale resistance. 

20 EXAMPLE 9: Gly" Potato Cells 

Potato - Shoot tips of virus-free Russet Burbank are subcultured on media containing MS major and 
. minor salts, 0.17 gyi sodium dihygrogen phosphate, 0.4 mg/l thiamine hydrochloride, 0.1 g/l inositDl. 3% 
sucrose. 1.5 g/l Gelrite™ (Kelco. Co.) at pH 5.6. Cultures are grown at 240 In a 16 hour photoperlod. 
2S Shoots are used approximately 3-4 weeks after subculturing. Stem internodes are cut into approximately 8 
mm lengths and split lengthwise, then the cut surface is smeared with Agrobacterium carrying binary vector 
■ pM0N542 and helper plasmid pTiT37-SE which had been streaked on an LB agar plate and grown for a few 
days. Stem sections are placed cut side down on the surface of the medium containing MS salts. MS 
organics, 3% sucrose. 2.25 mgA BA. 01186 mg/l NAA, 10 mg/l GA. 1,5 g/l Gelrite at pH 5.6. After 4 days, the 
30 stem explants are transferred to the same medium but with carbenteillin at 500 mg/l and kanamycin as the 
selective agent at 0 or 300 mg/I. Two weeks after inoculation, the explants are moved onto medium of the 
same composition but without NAA. Kanamycin at 300 mg/l was sufficient to prevent swelling and callusing 
of the infected explants without killjng the tissue. The transformed tissue appears as small outgrowths 
usually on the end of the explant. Transfbnned tissue exhibits substantial resistance to glyphosate. 

85 . 

EXAMPLE 10: Gly" Sunflower Cells 

The following procedures are utilized to obtain transformed sunflower tissue and shoots. Tumors are 
Incited on sterile sunflower seedlings. Sunflower seeds are surface sterilized with 40% Chlorox and sterile 

40 distilled water rinses. The seeds are germinated on an agar medium containing B5 salts, 0.5% sucrose and 
0.8% agar. Seven-day old seedlings are inoculated with overnight cultures of Agrobacterium strains canying 
pTiB6S3-SE by scoring the Intemode or stabbing the intemode with a syringe and using another syringe to 
introduce the bacteria Into the wound. Tumors form in 2-3 weeks. The tumors are removed from the 
seedlings and grown Independently on MS medium without hormones. Transformed callus and shoots are 

45 also obtained following a different procedure. Seeds are surface sterilized and placed on the germination 
medium above. Germination is carried out In the light for 10 days. Hypocotyl segments, 2-3 mm are, 
excised and Inoculated with Agrobacterium strains containing engineered constructs. The hypocotyls are 
co-cultured for 2 days on a medium containing MS salts and vitamins, 5 g/l KNOa, 100 mg/l Inositol, 40 mg/l 
adenine sulfate. 500 mgfl casamino acids, 1 mg/l NAA, 1 mg/l BA, 0.1 mgrt GA3, 30 mg/l sucrose and 8 

60 gm/l agar. After co-culture, the hypocotyls are placed on the same medium but containing 300 mg/l 
kanamycin and 500 mg/I carbenlcillin. After 2 weeks, the hypocotyls inoculated with strains containing the 
kanamycin resistance gene produce callus and regenerates on medium containing kanamycin while other 
hypocotyls do not. 

A. tumefadens containing binary vectors pMON54e and helper plasmid pTiB6S3-SE are used to 
66 produce tumors and callus and regenerated plants. The tumors exhibit tolerance to glyphosate at concentra- 
tions whteh bleach and kill control tumors which do not contain the glyphosate resistance gene. Non- 
tumorous callus likewise show tolerance to levels of glyphosate which kill callus without the glyphosate 
resistance gene. Transformed sunflower plants demonstrate tolerance to glyphosate sprayed at concenlra- 
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tions which kill wild type plants. 

EXAMPLE 11: Gly" Petunia Plants 

Transformed petunia plants were produced by regeneration from the transformed lerf disks of Example 
2, by the procedure described in Horsch et al 1985. The transformed plants obtained contained the 
pMON546 vector, described hereinbefore, which contains the CaMV 35S promoter fused to the wild-type 
petunia EPSPS gene. 

Four Individual representative transgenic seedlings were selected, grown and tested in ttie testing 
procedure described below, along with four individual non-transformed (wild^type) petunia seedlings. 

The plants were grown In a growth medium in a growth chamber at 26' C with 12 hours of light per day. 
The plants were fertilized weelcly with a soluble fertilizer and watered as needed. The plants were sprayed 
at a uniform and reproducible delivery rate herbicide by use of an automated tradt sprayer. . 

The glyphosate solution used was measured as pounds of glyphosate acid equivalerits par acre, mixed 
as the glyphosate isopropylamine saiti with an ionic surfactant 

Four individual wild-type (non-transformed) petunia plants were selected for use as control plants. l=our 
individual transformed plants containing the pMON54e vector were selected by Itanamycin resistance as 
described In Horsch et ai 1985. 

The control plants and the transformed plants were sprayed with the isopropylamine sait of giyphosale 
at the application level listed in Table 2 below; the experimental results obtained are also summarized in.. 
Tab(e2. 
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Table 2 

Plant Response to Glyphos ate Spraying 



Plant Type Glyphosate Dose * Visual Appearance 

plants shewed rapid 
chlorosis and 
bleaching, wilted .. 
and died 

completely dead, 
plants showed very 
rapid chlorosis and 
bleaching, wilted 
and died 

growing well, 
slight chlorosis in 
new leaves which 
are growing with 
normal morphology, 
plants appear 
healthy and 
started to flower 



* Acid Equivalent . 

As indicated in Table 2, the control plants were killed when sprayed with 0.4 pounds/acre of glyphosate. 
in contrast,, the petunia plants which were transformed were healthy and viable after spraying with 0.8 
pounds/acre. The transformed plants are more resistant to glyphosate exposure than the non-transformed 
control plants. 

EXAMPLE 12: Gly" Tomato Plants 

Transformed tomato plants. VF36 variety are produced from sterile seedlings as described below. 

Sterile seedlings of VF36 tomato are grown on water agar. Hypocotyls and cotyledons are excised and 
cultured for 2 days on MS medium containing B5 vitamins, 30 g/l sucrose and 1 mg/l benzyladenlne and 
0.1 mg/l indole acetic acid. The seedlings are then infected with the A. tumetadens vector containing the 
chimeric EPSPS gene described in Example 2, by immersing for about 30 seconds In a culture of A. 
tumefaciens containing the chimeric EPSP synthase gene that had been diluted to lO' bacteria/ml. Explants 
are obtained by cutting sections from the seedlings. The explants are blotted dry and Incubated as 
described previously in Example 2 except that the medium contains only 10% of standard concentration of 
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MS salts. After 2 days of coculture, the explants are transferred to selective medium con^nlng.100 ugAnI 
kanamycin. Transformed tomato plants grow from the explants. Leaves from these plarils are tested for' 
glyphosate resistance using a leaf callus assay described below. 

Tomato leaf fragments from plants containing vector alone {pMON200) or the pMON54e chimeric 
6 EPSPS gene are incubated on callus medium described above containing 0.5 mM glyphosate. After 10 
days the control leaves are completely inhibited and showed no signs of callus growth; the leaves from 
plants transformed with the chimeric EPSPS gene vector produced callus^ 

EXAMPLE 13; Gly" Tobacco Plants 

10 ■ 

Transformed tobacco plants (Samsun variety) were produced and grown by the method dMcribed In. 
Example 4, substituting transformed tobacco leaf disks for transformed petunia leaf disks. 

Tobacco plants were tested for glyphosate resistance using the method described fbr tomato plants In 
Example 5. Tobacco leaf fragments from plants containing vector alone (pMON200) or the pMON546 
16 chimeric EPSPS gene were Incubated on callus medium containing 0.5 mM glyphosate. 

After 10 days the control tobacco leaves were completely inhibited and showed no signs of callus 
growth: the leaves from plants transformed with the chimeric EPSPS that the chimeric petunia EPSPS gene 
confers glyphosate resistance to tobacco plants; 

20 EXAMPLE 14: Isolation of Petunia EPSPS Genomic Clone 

In order to isolate the entire petunia EPSPS gene, the library of petunia genomic DNA was constmcted 
as described in Example 1-G. Briefly, the chromosomal DNA from the MP4-Q cell lino was digested with 
BamHI and cloned into a phage vector. XMG14. to create a library. As described In Exampte 1-Q, one 

29 phage ctone XF7 was Isolated which contains a 4.8 Kb Bglll fragment that was complementary to 
pMON9531 cDNA clone. To isolate the remainder of the gene, the genomic library was screened again 
using as probe the 1.6 kb cDNA insert from pMON9556. The plating of the library and the hybridization 
procedures were done as described in Example l-G. Several positive signals were obtained. One isolate was 
selected lor further analysis and was designated as the XF10 phage clone. 

30 The DNA from XF10 was digested separately with BamHI, Bglll, EcoRI and HindllL The DNA was 
hybridized with nick-translated EPSPS sequences from pMON9531 and pMON9556 in a Southern blot 
procedure. This indicated that the complementary sequences from XF10 were on 4.8 kb, 2.0 kb and 3.8 kb 
Bgtll fragments. DNA sequence analysis of these fragments indicates that these three fragments together 
contain the entire gene whtoh spans approximately 9 kb of petunia DNA and is interrupted by seven introns 

35 (Figure 6). The promotor fragment of the. EPSPS gene contained in the genomk; clone, XF10. can be used 
to express the chimeric EPSPS cDNA or genomic sequences. The fragmente containing the inlrons may 
also be used to construct additional chimeric EPSPS genes to obtain, enhanced levels of the mRNA. 

EXAMPLE 15; Isolation of Arabidopsis thaliana Genomic Clone 

40 

An Arabidopsis thaliana genomic bank was constructed by cloning size fractionated (15-20 kb). Mbol 
partially digested DNA into BamHI cut lambda EMBL3. Approximately 10,000 plaques of phage from this 
library were screened with a nick-translated petunia EPSPS probe (pMONOSSe). A strongly hybridizing 
plaque. El . was purified. Southern blots of the EPSPS probe to phage DNA digests identified two fragmente 
45 which hybridized very strongly. The first of these was a 1 .0 kb HindlH fragment and the other was a 700 bp 
BamHI fragment. Both of these fragments were subcloned into pUCllQ and the DNA sequences of the 
Inserts determined. 

The sequence data indicated that the phage did contain the Arabidopsis EPSPS gene. The enzyme Is 
highly homologous to the petunia enzyme over the area for which sequence was available. The BamHI 
60 fragment was used as a hybridization probe against the phage and Arabidopsis genomic DNA to identify 
restriction endonuclease fragments suitable for cloning the entire gene. Two Bglll fragments of 6.0 and 3.2 
kb were identified from the El phage clone which, together, contain the entire EPSPS gene. Rgure 6 
summarizes the organization of the Arabidopsis clone and compares it to the organization of the Petunia 
EPSPS gene. 

55 The DNA encoding the amino terminus of the protein Is within the 6.0 kb Bglll fragment The exact 
transiational start site can be determined by comparison of the amino acid sequence deduced from the 
nucleotide sequence to that of the petunia enzyme. Site directed mutagenesis can then be used to 
introduce a unique EcoRI site immediately upstream of the transiational start codon. The entire gene can 
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then be Isolated as an EcoRI fragment. This EcoRI fragment can be inserted Into the expression vector, 
PMON530, and the resulting vector used to overexpress the Arabldopsls EPSPS enzyme In plants. 

EXAMPI-E 16: isolatlon off Tomato EPSP cDNA Clone 

A cDNA library was constructed ffrom RNA isolated ffrom. mature pistils off tomato (Lycopersicum 
esculentum variety VF36) by the methods of Huynh et. ai (in: DNA Cloning Techniques: A Practical 
Approach. IRL Press. D. Glover ed.. 1985) and Gubler and Hoffman (Gene 25:263-269. 1985). The library 
was plated on E. coli strain BNN102 and filter replicas were made. The filters were hybridized with the 1.9 
kb Bglll/Clal fragment of pM0N9563 that had been labeled with (Feinberg and Vogelstein (Anal. 
Blochem. 132:6-13. 1983). Hybridizing plaques were isolated and rescreened by the same method to verify 
the presence of EPSPS cDNA. The full length tomato EPSPS cDNA was present on two EcoRi fragments of 
250 and 1700 bp in one of the cDNA clones (P1). The 250 bp fragment was cloned into the EcoRI site of 
pUC119 forming pMON959e. The 1700 bp fragment was cloned Into pUC19 forming pMON9589. The Insert 
of piVION9596 was sequenced using a dideoxy sequencing kit purchased from Amersham to determine the 
sequence surrounding the start codon to facilitate mutagenesis. A Bglll site was engineered 13 bases 
upstream of the translation start codon of pMON959e by the method of Kunkel (Proc. Natl. Acad. Scl. USA 
82:488-492, 1985) using the chemically synthesiz ed oligonucleotide; 
GCCATTTCTTeTGAAAAAQATCTTCAQTTTTTC 

The insert off the resulting plasmid, pMON9710. was sequenced to verify the correct mutation. The 70 bp 
Bgiil/EcoRi fragment of pMON9710 was inserted Into pM0N3ie which had been digested with Bglll and 
EcoRl pM0N3ie which had been digested with Bglll and EcoRI creating pMON9720. The 1700 bp EcoRI 
fragment of pMON9589 was Inserted Into the EcoRI site of pMON9720 In the correct orientation to 
. reconstitute the EPSPS coding region resulting In pMON9721 (see Figure 7). 

This plasmW was Inserted into A. tumefadens cells which contained a helper plasmid, pGV311l-SE. 
The helper plasmid encodes certain enzymes which are necessary to cause DNA from pMON9721 to be 
Inserted Into plant cell chromosomes. It also contains a kanamycin resistance gene which functions In 
bacteria. A. tumefaciens cells containing pMON9721 are used In plant transformation experiments to 
produce glyphosate resistant ceils and plants as previously described In Example 12, 

EXAMPLE 17: Isolation of Brastoca napus cDNA gone . 

Total RNA was Isolated from Brasslca napus (cultivar Westar) flowers as follows. Rowers were frozen in 
liquid nitrogen. After liquid nitrogen had evaporated, flowers were homogenized in extraction buffer (1% tris- 
isopropylnapthalene sulfonic acid. 6% p-aminosalicylic acid. 100 mM Tris-HCI. pH 7^. 50 mM EGTA, pH 
7.5, 100 mM NaCI, 1% SDS and 50 mM 2-mercaptoethanol) and then extracted vrith equal volume of a 1:1 
mixture of phenol/chlorofbmn. The nucleic acids in the aqueous phase were precipitated with ethanol. The 
precipitate was dissolved in water and the RNA was precipitated twice with UCI to a final concentration of 
2M. The final RNA pellet was dissolved In water and the RNA was precipitated with ethanol. PolyA RNA was 
selected by o!ig-dT cellulose chromatography. The yield of polyA RNA was 1.0 ug/gram of flovws. 

The library was constructed using polyA RNA from Brassica napus flowers and the method used is 
described in Example 16. The yield in the library was 90,000 plaques/3 ug polyA RNA. The library was 
plated at a density of 5000 plaques/ptate. The phage DNA was transferred to nitrocellulose filters. The filters 
were hybridized under low stringency In 35% formamide, 5 X SSC, 300 ug/ml tRNA. 0.1% SDS at 37* C. 
Tfie insert from pMON9556 was labeled with by nick-translation and added to the hybridization solution 
at 2 X 10« cpm/ml. The filters were washed in 2 x SSC at room temperature twice for 15 min each and once 
at 37 'C for 30 min. A number of positively hybridizing phage were obtained. These phage were pldced and 
rescreened twice at lower plaque densities. The positively hybridizing phage were selected and those 
containing a full length B. napus EPSPS cDNA clone were chosen for further analysis. The full length B. 
napus EPSPS cDNA clone will be modified and Inserted Into a plant expression vector, pMON530. to create 
achimeric CaMV 35S /B. napus EPSPS gene. 

EXAMPLE 18: Petunia EPSPS Chloroplast Uptake Requires CTP Sequence . 

A full-length cDNA clone of EPSPS ffrom P. hybrida was obtained as described in Example 1. This 
cDNA done contains 27 nucleotides of the S' untranslated leader. 1.5 kb which codes for the 72 amino add 
transit peptide plus 444 amino acids of the mature enzyme, and 0.4 kb of the entire 3' flanking sequence. 
The full-length EPSPS cDNA was cloned as a 2.1 kb Bglll-SAII fragment into the BamHI«all sites of the 
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plasmid pGEMI to give plasmid pMON6140 and Into PGEM2 to give pMONei45. The EPSPS coding 
region is transcribed 5* to 3' from the T7 and SP6 promoters, respectively. 

Plasmid DNA <pMONei40 and pMON6145) containing the full-length EPSPS cDNA was linearized, at a 
unique Pvu I s'lte located In the 3' untranslated region. The linearized plasmid DNA was transcribed In vifro - 
(uncapped) with SPB and T7 polymerase essentially as described in Krieg et al, 1884. The standard 
reaction buffer contained 40 mM Tris-HC1 (pH 7.9), 6 mM MgCb, 10 mM dithiothrBitol. 2.mM spermidine. 
80U RNasin ribonuclease inhibitor. 0.5 mM each of ATP. GTP, CTP and UTP. in a final reaction volume of 
100 ul. The final RNA pellet was resuspended in 20 ill of sterile water and stored at -80 'C. A standard 
translation reaction contained 100 itl of nuclease-lreated rabbit reticulocyte lysate. 5.7 ul of a 19-amino acid 
mixture (minus methionine) at 1 mM each. . 5.7 ul of RNA (total RNA transcripts derived from 0.63 ug of 
plasmid DNA), 16 ul RNasin (20U/UI) ribonuclease inhibitor, and 58.3 ul of [35S]methionine (14-15mCl/ml). 
The in vifro translation reaction was run at 30 for 80 min. The translation products were stored frozen a* 

-eo*c. ■' . - " 

Intact chloroplasts were isolated from lettuce (Latuca sativa, var. longlfolla) by; centrifugatlon In 
PercoIlfflcoU gradients as modified from Bartlett et al (1982). The final pellet of intact chloroplasts was 
suspended in 0.5 ml of sterile 330 mM sorbitol In 50 mM Hepes-KOH, pH 7.7, assayed for chlorophyll 
(Arnon, 1949). and adjusted to the final chlorophyll concentration of 4 mg/ml (using sorbitol/Hepes). Tlie 
yield of intact chloroplasts from a single head of lettuce was 3-6mg chlorophyll. These chtoroplasts were 
deemed homogeneous based on phase contrast and transmission electron-microscopy. 

A typical 300 ul uptake experiment contained 5 mM ATP. 8.3 mM unlabeled methionine. 322 mM. 
sorbitol. 58.3 mM Hepes-KOH (pH 8.0). 50 ul reticulocyte lysate translation products, and intact chloroplasts 
from L. sativa (200 ug chlorophyll). The uptake mixture was gently rocked at room temperature fin 10 x 75 
mm ^asslGBes) directly in front of a fiber optic illuminator set at maximum light intensity (150 Watt bulb). 
Aliquots of the uptake mix (50-125 ul) were removed at various times and fractionated over 100 ul silicone- 
oll gradients (in 150 ul polyethylene tubes) by centrifugation at 11.000 X g for 30 sec. Under these 
conditions, ttie intact chloroplasts form a pellet under tiie silicone-oil layer and ttie Incubation mediunn 
(containing ttie reticulocyte lysate) floats on the surface. After centrifugation. tiie sillcone-oll gradients were 
immediately frozen in dry Ice. The chloroplast pellet was tiien resuspended in 50-100 ul of lysis buffer (10 
mM Hepes-KOH pH 7.5, 1 mM PMSF. 1 mM benzamidine, 5 mM <-amino-n-caprolc acid, and 30 ug/ml 
aprotinin) and centrifuged at 15.000 X g for 20 min to pellet the thylakoid membranes. The clear 
supernatant (stromal proteins) from tttis spin, and an aliquot of ttie reticulocyte lysate incubation medium 
from each uptake experiment, were mixed witti an equal volume of 2X NaDodSO*-PAGE sample buffer for 
electrphoresis (see below). . . . , /oo 

NaDodSOi-PAGE was carried out according to Laemmli (1970) In 12% (w^) acrylamide slab gels (BO 
mm X 1.5 mm) with 3% (w/v) acrylamide stacking gels (5 mm X 1.5 mm). The gels were fixed in 30% 
mettianol and 10% acetic acid, dried under vacuum, and taken for direct autoradiography witii Kodak XAR-5 
X-ray film. Quantitation of bands on ttie X-ray film was performed using a Hoefer QS-300 scanning 
densitometer interfaced with a Spectra- Physics SP4100 recording/computer integrator. 

To verify ttiat precusor EPSPS ( + CTP) Is taken up and processed by chloroplasts, ttie total translation 
producte containing [»Slmethionlne-labeled pre-EPSPS were Incubated witii freshly Isolated. Intact 
chloroplasts from L. sativa. The pre-EPSPS ( + CTP) was rapidly translocated into chloroplasts and cleaved 
to the mature EPSPSTrMr«48 kDa. The NaDodS04-PAGE autoradlograph revealed ttie disappearance of 
the precursor EPSPS from the incubation medium, and the subsequent appearance of a tower molecular 
weight, mature form in ttie chloroplast fraction. Some of ttie matore EPSPS was also present in ttw 
incubation medium at 15 minutes due to chtoroplast lysis. Post-uptake treatment of the Incubation mixture 
witti trypsin and chymotrypsin showed that the pre-EPSPS in ttie incubation medium was completely 
degraded, whereas the mature EPSPS in the chloroplast fraction was fully protected. These resulte Indicate 
that EPSPS was translocated across the chloroplast envelope into a protease inaccessible space. 
Furthermore, subfractionation of the reisolated chloroplasts Indicated ttial ttw mature EPSPS was focalized 
in the stromal, as opposed to thylakoid. fraction. Based on nucleotide sequence, ttie predated molecular 
weight for ttie mature P. hybrida EPSPS Is 47.790 daltons. The M,«48 kDa polypeptide tocallzed In ttw 
reisolated chloroplast fraction co-migrated during NaDodSO*-PAGE wWi ttie purified mature EPSPS of P. 

irTcIrder to show ttiat the CTP is required for uptake, ttie mature enzyme (lacking ttie CTP) is Isolated 

from the chloroplast stroma after an Initial 15 minute uptake experiment. A mixture of stromal proteins 
(containing ttie labeted mature enzyme) was diluted witti unlabeled reticulocyte lysate and used in a second 
uptake experiment witti intact chloroplasts. The mature EPSPS (lacking ttie CTP) was not translocated into 
chtoroplaste. or bound to ttie outer-envelope membrane, during a 15 minute incubation. As a control 
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experiment! we found that the rate of uptake of pre-EPSPS into chloroplasts was ""aff^^^d by ttie addWon 
of stromal proteins to the Incubation mixture. From these data H is concluded that the CTP ol EP5PS is 
required for uptake of the enzyme into chloroplasts. 

EXAMPL E 19: CTP ol Petunia EPSPS Facilitates Chlorcplast Uptake of Heterologous Protein 

The following EPSPS experiments show that the CTP can target a heterologous protein to the stroma 
compartment The 72-amlno-acid transit peptide of EPSPS was fused to the mature ssRUBISCO from 
wheat The mature wheat ssRUBISCO cDNA (Broglie et al 1983) was obtained as an Sphl/PstI fraflment of 
^0 6 kb This Sphl/PstI fragment contains the entire mature wheat ssRUBISCO coding region of 128 amino 
acids (beginning at the N-Terminal methionine) and 200 bp of the 3* untranslated region. The mature 
SSRUBISCO cDNA fragment was fused behind the P. hybrids EPSPS CTP cDNA fragment This fusion was 
done by joining an EcoRI/SphI fragment of pMON6242 with the wheat ssRUBISCO cDNA. The construct 
PM0N6242 is a derivative of pMON6140 and contains P. hybrids EPSPS with an engineered consensus 
cleavage site for ssRUBISCO. The cleavage site of plVION6140 EPSPS (ser-val-ala-thr-ala-gln/lys)*^ 
changed to gly-gly-arg-val-ser-cys/met in pMON6242. This change Introduces an in-frame SphI site which 
allows CTP switching between ssRUBISCO and EPSPS. The construct pMON6242 has previously been 
cloned info pGEM-2 and shown to give a chimeric precursor enzyme which is transported into chloroplaste 
In vitro and proleolytlcally processed In the correct fashion. „.ic„«^rt m 

— The EcoRI/SphI fragment from pMON6242 was fused to the Sphl site from wheat ssRUBISCO and 
cloned Into plasmid pIBI to give pM0N6149. In vitro transcripticnAranslation of pMON6149 gave a single 
polypeptide of the predicted molecular weight for the fusion protein (-23 kD). Chloroplast Import assays in 
vitro showed that the chimeric protein was transported Into the stroma and proteolytically cleaved to a final 
productof -15 kD (the ssRUBISCO has a molecular weight of 15 kD). 

These results show that the EPSPS CTP alone confers sufficient Information to target a heterologous 
protein to the chloroplast stronw. 
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Clabnt 

1. A chimeric plant gene which comprises : 

(a) a promoter sequence which causes transcription of the EPSPS gene in plant cells; 

(b) a coding sequence which encodes a chloroplasl transit peptideffi-enolpyruvylshiklmate-3-ph08- 
phate synthase fusion polypeptide, which chloroplast transit peptide permits the fusion polypeptide 
or an enzymatically active portion thereof, when expressed In a plant cell, to be imported Into a 
chloroplast of the plant cell: and . . ^ ., 

(c) a 3' non-translated region which encodes a polyadenylation signal which functions in plant cells 
to cause the addition of polyadenylate nucleotides to the 3* end of the EPSPS m RNA; the promoter 
being heterologous with respect to the coding sequence and capable to cause sufficient expression 
of the fusion polypeptide to confer upon the plant cell and plants rejgeneraled therefrom a substantia! 
degree of glyphosate resistance. 

Z A chimeric gene of daim 1 In which the promoter sequence is a plant vims promoter sequence. 

3, A chimeric gene of claim 2 In which the promoter sequence Is a promoter sequence from cauliflower 

mosaic virus (CaMV). 

4. A chimeric gene of claim 3 in which the promoter sequence is the CaMV35S promoter sequence. 

6. A chimeric gene of claim 1 in which the coding sequence encodes a mutant 5-enolpyruvylshlkimat»-3- 
phosphate synthase (EPSPS). 

6. A chimeric gene of claim 1 in which the EPSPS coding sequence encodes an EPSPS from an 
organism selected from the group consisting of bacteria, fungi and plants. 

7. A chimeric gene of claim 1 in which the chloroplast transit peptide is from a plant EPSPS gene. 

a A cloning or expression vector comprising a chimeric plant gene according to any off claims 1 10 7. 



9. A plant transfonnaMon vector which comprises a chimeric gene according to any of dalma 1 to 7. 
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m A glyphosate-reslstant plant cell comprising a chimeric plant gene according to any of claims 1 to 7. 

11. A glyphosate-reslslant tomato cell of claim 10. 

12. A glyphosate-resistant tobacco cell of claim 10. . 
ia A glyphosate-resistant oilseed rape cell of claim 10.= 

14. A glyphosate-resistant flax cell of claim ia 
1& A glyphosate;fesistant soybean cell of dalm ia 

16. A glyphosate-resistant sunflower cell of daim 10. 

17. A glyphosate-resistant sugar beet cell of claim 10. 

18. A glyphosate-resistant alfalfa cell of claim 10. 

19. A glyphosate-resistant cotton cell of claim 10. 

20. A glyphosate-resistant jpotato cell of daim 10. 

21. A glyphosate-resistant plant which has been regenerated from a glyphosate-resistant plant cell 
comprising the chimeric plant gene of any of daims 1 to 7. 

2Z A glyphosate-resistant plant according to claim 21 selected from the group comprising soybean, cotton, 
alfalfa, canola, flax, tomato, sugar beet, sunflower, potato, tobacco, com, wheat rice and lettuce. 

2a A glyphosate-resistant plant according to daim 21 which has been regenerated from a glyphosate- 
resistant plant cell of any of claims 1 1 to 20. 

24. A glyphosate-resistant plant according to any of claims 21 to 23 in which the plant Is a dicotyledonous 
plant 

25. A method for produdng a glyphosate-resistant plant ceil which comprises transforming the plant ceB 
with a plant transformation vector of daim 9. 

26. A method for producing a glyphosate-resistant plant which comprises : 

(a) transforming a plant cell using an Agrobaderium transformation vedor comprising a chimeric 
plant gene of any of claims 1 to 7; and 

(b) regenerating a glyphosate-resistant plant from said transformed plant cell. 

27. A method for producing a glyphosate-resistant plant according to daim 26 In which the plant is a 
dicotyledonous plant 

28. Plasmid pM0N546, ATCC accession number 53213. 
PatentansprUche 

1. ChimSres Pflanzengen, das 

(a) eine Promotorsequenz, die Transcription des EPSPS-Gens in Pflanzenzellen bewirirt. 

(b) eine Codiersequenz. die ein ChloropIasl-Transitpeptid/5-Enolpyruvylshikimat-3-phosphatsynthase- 
Fustonspolypeptid codlert, welches Chloroplasttransitpeptid ermSglicht daB das Fusionspolypeptid 
Oder ein enzymatisch aktlver Tail hievon beim Exprimieren in dner Pflanzenzdie In ein Chloroplast 
der Pfianzenzelle eingefUhrt wird, und 

(c) eine 3'-nicht-translatierte Region, die ein Pdyadenyiierungssignal codiert, das in Rlanzenzelien 
wirirt. urn die Addition von Polyadenylatnudeotiden an das 3'-Ende der EPSPS m-RNA zu bewiriten. 
wobd der Promoter in bezug auf die Codiersequenz heterolog ist und ausrdchende Expression des 
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Fuslonspolypeptids bewJrken kann, urn der Pflanzenzelle und daraus regenorierten Pflanzen einwi 
wesentlichen Grad an Glyphosatresisteiiz zu verleihen. 
umfafit 

2. ChimSres Gen nach Anspruch 1. in dem die Promotorsequenz eine Pflanzenviruspromotorsequeriz ist 

3. ChlmSres Gen nach Anspruch 2, in dem die Promotorsequenz eine Promotorsequenz von 
Blumenkohlmosaik-Virus (CaMV) ist. 

4. ChimSres Gen nach Anspruch 3. in dem die Promotorsequenz die CaMV35S-Promotorsequenz ist . 

5. Chimares Gen nach Anspruch 1, In dem die Codiersequenz eine mutant© 5-Enolpynivyishlkimal-3- 
phosphatsynthase (EPSPS) codlert 

6. ChlmSres Gen nach Anspruch 1, in dem die EPSPS-Codiersequenz eine EPSPS von.einem Organis- 
mus ausgewShlt aus der Gruppe twstehend aus Baklerien, Pllzen und Pflanzen codiert 

7. ChimSres Gen nach Anspruch 1, In dem das Chloroplast-Transltpeptid von einem Pflanzen-EPSPS-Qon 
stammL 

8. Klonierungs- Oder Expressionsvektor umfassend ein chlmSres RIanzengen nach einem der AnspfOche 
1 bis 7. 

9. Pflanzentransformationsveklor. der ein cfilmares Gen nach einem der AnsprUche 1 bis 7 umfe0t . 

10. Glyphosatresistente Pflanzenzelle umfassend ein chlmSres Pflanzengen nach einem der AnsprOche 1 
bis 7. 

11. Glyphosatresistente Tomatenzelle nach Anspruch 10. 
12: Glyphosatresistente Tabakzeile nach Anspruch 10. 

13. Glyphosatresistente Olsamenrapszelie nach Anspruch 10. 

14. Glyphosatresistente Rachszelle nach Anspruch 10, 

16. Glyphosatresistente Sojabohnenzelle nach Anspruch 10. 

16. Glyphosatresistente Sonnenblumenzelle nach Anspruch 10. 

17. Glyphosatresistente ZuckerrDbenzelie nach Anspruch 10. 
ia Glyphosatresistente Luzemezelle nach Anspruch 10. 

19. Glyphosatresistente Baumwollzelle nach Ansprach 10. 

20. Glyphosatresistente ICartoffelzelle nach Anspruch 10. 

21. Glyphosphatresistente Pflanze, die aus einer glyphosatresistenten Pflanzenzelle umfassend das chimi- 
re Pflanzengen nach einem der AnsprOche 1 bis 7 regeneriert wurde. 

22. Glyphosphatresistente Pflanze nach Anspruch 21 ausgewShlt aus der Gruppe umfassend Sojabohne. 
Baumwolle, lajzerne. Raps, Flachs, Tomate, ZuckerrObe. Sonnenblume. Kartoffel, Tabak, Mais. Weizon. 
Rels und Lattich. 

23. Glyphosphatresistente Pflanze nach Anspruch 21, die aus eIner giyphosatresislenten Pflanzenzelle nach 
einem der AnsprOche 11 bis 20 regeneriert wurde. 
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. 24. Glyphosphatresistonte Pflanze nach einem der AnsprOche 21 bis 23, wobel die Pflanze eine dikotyle 
Pftenzeist 

25. Verfahren zum Herstellen einer glyphosatreslstenten Pflanzenzelle, das das Transformieren der Pflan- 
.5 zenzelle mit einem Rlanzentransformationsvektor nach Anspruch 9 umfaflt. 

26. Verfahren zum Herstellen ©iner giyphosatresistsnteh Pflanze, das . ' 

(a) das Transformieren einer Pflanzenzelle unter Verwendung eines Agrobacterlum-Transformatlons- 
vektors umfassend ein chimSres Pflanzengen nach einem der AnsprOche 1 bis 7 und 
. 10 (b) das Regenerieren einer glyphosatreslstenten Pflanze aus der transformierten Pflanzenzelle 

.. umfaSt 

27. Verfahren zum Herstellen einer glyphosatresistenten Pflanze nach Anspruch 26, In dem die Pflanze 
eIne dikotyle Pflanze IsL 

28. PIasmid pMON54e, ATOC-Nr. 53213. 
Revendicationa 

G&ne v^gStal chim^rique qui comprend : , 

(a) une sequence promoteur qui provoque la transcriptton du g&ne EPSPS dans les cellules 
v^g^tales: 

(b) une sequence de codage qui code pour un peptide de transit dans les chloroplastes/lpolypeptlde 
de fusion 5-#nolpyruvylshikimate-3-phosphate synthase, lequel peptide de transit dans les chk>r^ 
plastes penmet au polypeptide de fusion 6u k une partie enzymatiquement active de celui<i. . 
lorsqu'll est exprimtf dans une cellule v6g6tale, d'etre import^ dans un chloroplasle de la cellule 
v^g^tale ; et 

(c) une region non traduite 3' qui code pour un signal do polyad^nylatlon qui fonctionne dans lea 
cellules v^g^tales en provoquant i'addition de nucleotides polyad^nylates & rextr^mitS 3' de i'ARNm 

. de TEPSPS; le promoteur ^tant hSt^rologue par rapport h la sequence de codage et capable de 
provoquer une exf^ession sufflsante du polypeptide de fusion pour confSrer h la cellule v^g^taie et 
aux plantes r^g^n^rdes h partir de celle-ci un degr6 substantiel de resistance au glyphosate. 

2. Gfene chim^rique selon ia revendication 1, dans lequel la sequence promoteur est une sequence 
35 . promoteur de virus vegetal. 

3. G&ne chimerique selon la revendication 2, dans lequel la sequence promoteur est une sequence 
promoteur de virus de la mosalliue du chou-fleur (CaMV). 

40 4. Gbne chimerique selon la revendication 3, dans lequel la isequence promoteur est la sequence 
promoteur CaMV35S. 

5. Gfene chimerique selon ia revendication 1. dans lequel la sequence de codage code pour une 5- 

. enolpyruvylshii<imate-3-phosphate synthase (EPSPS) mutante. 

6. Gfene chimerique selon la revendication 1. dans lequel la sequence de codage do i'EPSPS code pour 
un EPSPS d'un organisme choisi parmi les bacterles, les champignons et les plantes. 

7. Gfene chimerique selon la revendication 1. dans lequel le peptide de transit dans les chloroplastes 
so. provient d*un g&ne d'EPSPS vegetal. 

& Vecteur de clonage ou d'expresslon comprenant un g^ne vegetal chimerlque selon I'une quelconque 
des revendications 1 ft 7. 

55 9. Vecleur de transformation des plantes qui comprend un gfene chimerlque sekm i'une quelconque des 
revendications 1 ft 7. 
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10. Cellule vegetale resistant au glyphosate. comprenant un gftne vdgetai chimerlque selon I'une quelcon- 



EP 0 218 571 B1 



que des revendlcations 1 6 7. 

11. Cellule de tomate resistant au glyphosate selon la revendlcation 10. 

12. Cellule de tabac resistant au glyphosat© selon la revendication 10. 

13. Cellule de colza resistant au glyphosate selon la revendicallon 10. 
14.. Cellule delin resistant au glyphosate selon la revendication 10. , 
16. Cellule de sola resistant au glyphosate selon la revendicatioh 10. . 

16. Cellule de toumesol resistant au glyphosate selon la revendication 10. 

17. Cellule de betterave h sucre resistant au glyphosate seton la revendication 10. 
ia Cellule de luzerne rigsistant au glyphosate selon la revendication 10. 

19. Cellule de coton resistant au glyphosate selon la revendicationlO. 

20. Cellule de pomme de terre resistant au glyphosate seton la revendication 10. 

21. Plante resistant au glyphosate qui a 6^ r^g^n^r^e ^ partir d'une cellule v^g^tale resistant au 
glyphosate comprenant le gfene vdg6tal chim6rique selon I'une quelconque des revendicalions 1 ft T-. 

22. Plante resistant au glyphosate selon la revendicatton 21. choisie parmi le soja. ie coton. la luzeme. to 
canola. le lin, la tomate. la betterave h sucre, {e toumesol. la pomme de lerre. le tabac, te mafe. to bid. 
le riz et la laltue. 

2a Plante resistant au glyphosate selon la revendication 21. qui a ^ r^g^n^r^e k paimr d'une cellute 
v6g6tale resistant au glyphosate selon rune quelconque des revendicalipns 11 & 20. 

24. Plante resistant au glyphosate selon Tune quelconque des revendicaBons 21 & 23.. dans laqueito la 

plante est une plante dicotyl^done, 

25. Proc6d6 de production d'une cellule v4g6tale resistant au glyphosate. qui comprend: la transhwrmaeoo 
de la cellule v6g6taie avec un vecteur de transformation des plantes selon la revendication 9. . 

26. Proc6d6 de production d'une plante resistant au glyphosate, qui comprend : 

(a) la transformation d'une cellule v^gdtale en utilisant un vecteur de transformation d'Agrobacterium 
comprenant un gfene v^g^tel chim^rique selon I'une quelconque des revendlcations 1 & 7 ; el 

(b) la r^g^ndratlon d'une plante resistant au glyphosate k partir de cette cellute v6g6tote translbr- 
m6e. 

27. Proc6d6 de production d'une plante resistant au glyphosate selon la revendication 26. dans tequel la 
plante est une plante dicotylddone. 

2a Piasmide pM0N548, num^ro d'inscriptlon ATCC 53213. 
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I I. SUSPENSION CULTURC OF MP4 PETUNIA CtLlf\ 



2 CONTACT WITH LOW LEVEL OF GLYPHOSATE I 
AND CULTURE SURVIVING CELLS [ 



3 SLOWLY INCREASE LEVEL OF CLYPHOSATE. ISOLATE I 
HIGHLY RESISTANT (G^ CELLS. MP4» G | 



T 



4 PURIFY EPSPS 
PROTtlN.DETERMlNE AMINO 
ACIO SEQUENCE 



1 



I 



6. CREATION OF C ONA 
FROM PETUNIA mRNA 



5 CREATE RADIOACTIVE ONA 
PROBES WHICH COULD ENCODE 
THE AMINO ACID SEQUENCE 



I 



7 INSERT cDNA INTO 
CLONING VECTORS 



8 USE PROBES TO ISOLATE A CLONING VECTOR 
HAVING AN EPSPS GENE IN INSERTED FRAGMENT 



9 DETERMINE SEQUENCE OF ^ PS PS GENE. IDENTIFY 
CLEAVAGE SITES THAT ALLOW PROMOTER TO BE 

REMOVED FROM CODING SEQUENCE 



10 REPLACE EPSPS PROMOTER WITH STRONGER CoMV 35S i 
PROMOTER. TO CREATE CHIMERIC GENE | 



n. INSERT CHIMERIC GENE INTO DISARMED Ti VECTOR. 
USE VECTOR TO INSERT THE GENE INTO PLANT CELLS 

I iZ.GROW TRANSFORMED PLANT CELLS ON GLYPHOSATE | 

I 13. REGENERATE AND TEST DIFFERENTIATED PLANTS] 



FIG. I. 
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DNA AND Amino Acid Sequence 

OF THE ChLOROPLAST TRANSIT 

Peptide (CTP) of the 
Petunia EPSPS Gene 



I CAAnCCaCAATCmACmC>lAC/UTGCCACAAAnAACAACATCCCTCAAGGCATA 60 

UclAUGlDllcAsnABDVetAUGlDGlylU 

61 CAAACCCTTAATCCCAArrCCAATTTCCATAAACCCCAAGTTCCTAAATCTTCAAGmT 120 
ClnThrLeuAfLProAinSerAsnPheHiiLyiProGlnValProLyiSerSerSerPht 

121 mCTTmCGATaAAAAAACTGAAAAAnCACCAAAnCrrATCnGGTTTTGAAAAAA 180 
UuV»lPbeGlySerLysLyiLeuLy«ABnSerAlaABiiSerMetL€uV»lLeuLysLyi 

IBl CAnCAATTmATGCAAAAGTmcnCCTTTACGATTTCAGCATCAGTGCCTACACCA 240 
AspSernePheyetClnLysPheCysSerPheArglleSerAliSerVElAlfcThrAU 

241 CAC 



FIG. 3 



EP 0 218 571 B1 




EP 0 218 571 B1 



CJ«f 

J 

I 









N3' i 




Stui . 



3 

I IP 

\ o 



o 



0 



PM0N316 



0= 

o 



«st£2 ^\ 



B«aHJ 



36 



EP 0 218 571 B1 




EP 0 218 571 B1 




